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PR EF ACE 


* T oy E title Page, and the e following table of con- 
- tents, will ſhow what may be expected in this 
| book. I ſuppoſe a long preface needleſs, and only. beg 


leave to obſerve, that it is not ſurveying:of kingdoms, or 


very large tracts of land, that I here propoſe to explain; 


but ſuch Ae as are intended, principally, for finding 


the contents of the ground ſurveyed, or for the contents 


and plan both, with as much exactneſs as poſlible. 
As for my differing from former authors in the ge- 


neral method, and ſome particular things, ſuch as con- 
demning inſtruments of à ſmall radius &c. and propo- 
ſing others in their ſtead, which I think are better; I hum- 
bly hope, a good intention, and honeſt regard for truth, 
will plead i in my behalf. Why ſhould long cuſtom, or . 
any other. prejudice, hinder any from uſing better inſt 


re 
OTH _y * 92 


— — — ng el £7 EE I PR te RS - e 
7 12 W _ CSS ACS -* [ 
r "_ 

o TO 


f 


[ 
Ka 
i 
= 
= 
'=- 


LT De”. > 


- 


THE PREF ACE. 


ments, and more exact methods if they can be had? As 
this art, like all others, as far as I know, is not yer 


brought 0 perfeQion, ſome | improvements 4 be 
tempted. How far I have ſucceeded is not for me to de- 
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end, by the chain 


| © PAGE 19 
u. To meaſure a ſiraight line, MY ANN hoes thee a hol- 
low, the reſt viſible from both ends, and all of it acceſ- 


* ſible; the hollow not deep, nor ſides ſteep 


It. To meaſure a ſtraight line, all acceſſible, but part · of it not 


viſible from both ends, by reaſon 42 orig in the 


ground, by the chain 


w. Tomes perpedicula by hs chin ken ie pon 


of a right line, two rules 


v. To do the ſame by the graphometer or quadrant 


VI. To find a right line thro' a wood &c. one end of which 


Jou can paſs by 


vn. To tc Fall Peg“ from a gren point upon a lie 


by the graphometer &c. 


vin. To do the ſame by the chain only 
IX. Totake an angle of eleyation or depreſſion, by the quadrant 


X. To take an angle of elevation, by the chain only 


XI. To find the bottom line thro ll. orr6duee bypothenulal 


to horizontal lines 


XII. To find the perpendicular height of a tower dcs from gn A% 
3 horizontal plain, by the quadrant 


XIII. To do the fame thing by the chain only 
AV. ere et tower &c. * be 
plain, mn TY DR 


by the quadrant 


| NV. Tre an inacceſſible height 
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INTRODUCTION 


1 


ANY. are Rk 3 WE re MY upon the | 
ſubject of ſurveying or meaſuring of land. Many 
and long are the rules given for the ſeveral purpoſes of 

taking the dimenſions and plotting. Great is the ap- 
paratus of inſtruments for the ſingle purpoſe of. meaſure, 
ing angles. Let I humbly think the ſubject is ſo far 


from being exhauſted, that, as far as I know, there has i 
not appeared one, that has explained the art ſo fully WW 
and clearly as might reaſonably be expected from the 
evidence of its principles, the uſefulneſs, frequency, ane 
eaſineſs of the practice. This laſt particular has, per- 
haps, made i it appear below the notice of ſeyeral men of 
learning and genius, who are the'fitteſt to explain. any; ---: 
ſubject, but who for the moſt part. ſpend their time and 


as upon ſuch only, as (they think) require theſe { qua- 


U ions, by reaſon of ſome difficulty either in the | 8 
2 8 | „ Ox in both: but ſurely there. net oe ] 
can be 50 reaſon for thoſe who hos written ale; 1 


A 


5 INTRODUCTION. i 
to l this ſubject, not to give all the rules, which 


they know to be obſerved by good ſurveyors, and to 


inſiſt largely upon ſuch as, they know, cannot be ap- 
plied with tolerable exactneſs in practice. Our authors, 
certainly, have not known theſe things : and the art 


has been improved ſince they wrote, or were e 


with the practice. 


My deſign in the following tract is, to aeg as 
foll and clear an explication, as can give, of the whole 


| art of land- meaſuring as it is now practiſed in this coun- 
try: and under this title I comprehend, I. Taking the 


dimenſions of any piece of ground that is meaſurable; 


that is, where all the lines, by which the content can 


be found, may be meaſured, or calculated by ſuch lines 


and angles as are neceſſary to find thoſe and may be 


meaſured upon the ground. II. Making a plan or map 
of the ground meaſured. III. F inding the content of 


ground of any figure, by the lines meaſured and cak 
culated. IV. Laying out any content propoſed in any 


| figure that may be required. And, V. Dividing ond 


ito any parts required. 


The deſign of this introduction is, to make ſome ge- 
neral obſervations naturally ariſing from a flight conſide- 


ration of each of theſe ſeveral heads; all drawn from 


| experience, and confirmed by a great variety of practice 
for the ſpace of many years. By experience I mean, 
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both my oun and that of others, which I have had ac- 
ceſs to know: and by variety of practice, all the diffe- 


rent kinds of ſurveys, that can well be expected, from a 
cottage yard or ſingle rig, to a whole pariſh or county. 
To begin then with the firſt head. 

I. Taking dimenſions &c. Here it will not be improper 


to conſider a little the inſtruments uſed for this purpoſe. 


They are, the Chain, Rod, Wheel &c. for Lines: the Qua- 


| drant, Semicircle, Theodolite, Circumferentor, Croſs-ſtaff, 
Peractor, Imperial table &c. 8c. &c. for angles: .allof them _ 


except the croſs-ſtaff, with a radius under 6 inches: nay 
ſome of them, by way of improvement, under 3 inches. 
The chain is, I believe, univerſally allowed to be the 
beſt for meaſuring lines; but what if it ſhould be found 
the beſt too, of all the above- named, for meaſuring 
angles, when it can be uſed for that purpoſe, and that 


is, wherever the ground is open and nearly level? This 
is what none of our authors have explained with reſpect 


to all kinds of angles; they have only ſhown how to mea- - 
ſure an angle upon the ſurface of the ground by it, and 


that too, imperfectly: but how to take an angle of ele- 
vation by it, they have not fo much as hinted, as far as 


I have ſeen or heard: yet this is often neceſſary, when 
quadrants &c. are not at hand, and can be done more 


exactly by it, than by any one of all the above inſtru- 
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Prob. X. of the firſt part following. . - 

Suppoſe the diſtance from pin to pole compel to. FR 
Serene of their heights, and conſequently the angle 
of elevation 452 00'; which ſuppoſition: bears hardeſt, 
upon this rule, of any that can be made; for the more 
the angle is increaſed above, or diminiſhed below 45 oO, 
the leſs is the effect of an error in that diſtance or diffe- 
rence of the heights. If, inſtead of 1 © links (for example) 
the diſtance is 9,98, which is an error: of — of a link, 

this will make the angle 452 03“; and I can ſee no- 
thing to hinder the meaſuring of 1 © links to 3 of a 
link of the truth, or to ; of an inch. Now how exactly 
can the common chin theodolite &c. with a radius 
of 6 inches take any angle? let us ſee. The arch of the 
| quadrant is 9:4 inches, 2 * about -*- of an inch 


and 6 minutes . This 


93 100 


miſtake there, with a plummet, and hand ſhaking a 
üttle Lonly ask, whether 6 minutes can be as ſurely 
taken this way, as 3 minutes may be the other way? and 


if this is the moſt favourable ſuppoſition for the qua- 
As the diſtance of the pin from the pole in- 


drant- 
ereaſes, the angle of elevation decreaſes, and an error 
in the it οον may more eaſily eſcape. Let us then 


of an inch is to be cut off 
by the cxact half of a thread, hung from a centre, per- 
haps not that of the quadrant; for it is very poſſible to 
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Mile another ſuppoſition,” of a diſtance of 2 5 links, 


and difference as before 10 links; the angle will be 


found now 219 48'; and ſuppoſing the true diſtance 
Ur” 4,9, or an error of , of a link, about of an inch 
in a length of 1 6: feet; the true angle will bs 21997 | 
ſtill more exact thi the quadrant, which can hardly be 
depended on within 10 minutes, as may be concluded 
from what has been juſt now obſerved, and is way 


confirmed by experience. 


As for the theodolite, and the other mitn a- 


bove· mentioned, whoſe principal uſe is to meaſure an 
angle upon the ground, and which, particularly the theo- 
dolite, are fo highly extolled; if the chain, with its ne- 
ceſſary attendants, poles and pins, can take any an gle 


upon the ground, where it can be applied as exactly as 
an angle of elevation, it muſt certainly be preferred to 
them alſo: let us ſee then if it can. See Prob. XVII. 


of Part I. 


The chord may be ee exatly, at leaſt to 
of a link: the greateſt error that can happen is when | 


| the chord is near 100 links, for the ſhorter it is, the 


| leſs 1 is the effect of an error upon the angle: in this caſe 


it comes within 4 minutes of the truth, and in every o- 
ther caſe nearer; whereas by the theodolite &c. as ap- 
pears above, the Sant ou can wand is to 10 mi- 
nutes. +1 
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Ifa chain then, which muſt be had at ny rate en 


do the buſineſs of all theſe inſtruments, on level 


ground, tho not ſo quickly, with far greater exactneſs, 
I would fain know what is the uſe of them there? and 
if ſuch an inſtrument, as the Graphometer, after deſcribed, 


as quick as any of theſe, that can be uſed on every ground, 


more convenient and more exact than the chain, can be 


eaſily got, may it not be preferred to any Pretty gew- 


ga, of no real uſe at all? 


But as it is the opinion of round nba and pra- 


titioners, that an angle taken within 10 minutes of the 
truth is exact enough, and accordingly you will find tables 
of logarithms calculated to every 5h minute only, publiſh- 


ed along with books of ſurveying; ; let us try what grounds 


there are for that opinion, and what the followers of it 
mean by exact enough. | 


Suppoſe then an incloſure of the figure of A chom- 
boides, its baſe is 1000 links, its angle 16? 20), 


and fide 1 042, the area will be found 293050; but 

if the angle ſhould. be 162 10), that would make the 
area 289900. Here the difference is 5 poles, in a con- 
tent leſs than 3 acres, equal nearly to 1 rood 10 poles 


in about 2 9 acres: and this error affects the area v. 
out altering the ſide one Ink. 


Suppoſe again, a triangle whoſe baſe is 1000 8 


and angle oppoſite to the altitude 741 F, the area will 


(5 
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be found 1.7 acres, 2 rock, 36,6 poles: but ſhould 


the angle be - 285, e eee 1 7 acres, 


In both theſe examples, he be 1 acre in 
88 or 90; the very leaſt error in any caſe will be found 


1 in 173. Is this exact enough? 


I don't ſay that 


any graduated inſtrument can be ſo very exact, in every 


angle, as to es of any altitude, ſuppoſing the angle 


taken within 1 minute of the truth; but ſurely, within 


1 minute is better than only within 10; and an error 
of 1 in 900 is more excuſcable than 1 in 90: or 
upon the moſt favourable ſuppoſition, within 1 of 1730, © 


is more exact than within 1 of 172. 


But to ſhow that no advantage is taken by chafing 


angles, let us make one ſuppoſition more; of an angle 


oppoſite to the altitude of a rhomboides, taken for 


872 Fol, inſtead of 8 8 o'; let the ſegment of the 


baſe next the angle be 2 o links, and the whole baſe 1 000, 
the altitude will now be found 528,625, inſtead of 


572, 25, and the difference of the areas above 1 rood 
ad 30 poles in leſs than 6 acres. 


In this caſe, of finding the altitude by the ds and 


ſegment of the baſe, or whole baſe, by which theſe _ * 


three examples are wrought, you may obſerve, that 
nn * approaches to 90, or the ſmaller 
| A * 


— _ 
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it 18, the greater is the effect of an error: in the laſt 
example, the difference of 1 minute would make 44 in 
the altitude, and 7. poles in the area. There is only one 
other poſſible caſe, by which the altitude can be found, 
+viz. by the angle and two including ſides, or hypothe- 
nuſe and baſe; and here an error of 1 minute under 
1 5 has the ſame effect as in the other caſe; and it is 
the ſame thing above 165 ſo that here are 3 0 de- 
-grees, or one ſixth part of the number of all poſſible 
. which, if you pleaſe, you may call Forbidden 
les in both poſſible caſes; and as many more, viz. 
. 15 of 900, forbidden in one of the two caſes 


* which the altitude and conſequently the area can be 


found; for an error of a ſingle minute has a conſider- 
"able — weer 2375 
When theſe ang] es, ' therefore, occur” in practice, as 
y the right lines ſubtending-them 
muſt be meaſured; as well as they, and uſed inſtead of 


- them: and where this cannot be 26% that 2 8 


ſo much the worſe for the theodolite &c. unleſs you can 
ſuppoſe their errors to balance ſome of the others; for if 


the ſum of all theſe unavoidable errors, ſuppoſing the 


worſt, ſhould amount to 1 in 800 acres, ſure, 1 more 


in 900 is enough in all conſcience. But the exactneſs of 
meaſuring the lines 1 be tried too. The chain may 


be made exact to 5 of an inch at leaſt; ſuppoſe then 


an error of 3s in the make of the chain: any line 
' whatever may be meaſured or found to 1 link in 10 


chains,” this will make the unavoidable error not abobe 
ee, im the meaſuring: the ſum of theſe errors then is 
1588 Or 1 in 888, at moſt. Nay, it may be e 
juſtly reckoned within 1 Of 100. 

In the foregoing examples I have choſen the wa 
boides and triangle, only for the eaſier proof: but the 


effect of the errors will be found the ſame upon the 
altitudes and areas of all other W 5 15 the greater = 
the number of ſides, the worſe. e 
Prom the whole then, I e 1 may Kr Show "EY 
infer that a good graduated inſtrument may be ' 
for all, except the forbidden angles; but the common '- 


theodolite &c. &c. &e. for no angle wharſoever; © 


that: ag is b berrer x ag! the eke of les than. 


ANTRQDUCTION, „ 
content can be expected within 1 acre of 900. Tanſwer, _ 
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I ſhall conclude e this head with obſerving, as 
every thing re 
formed by the chain only, and without it, nothing 
the leſs you make the radius * a gradunted inſtrument, 
the more uſeleſs it is. 

II. Planning &c. This muſt be performed with a 
ſcale and compaſſes: and when there are no angles to 


be laid down, there is no need of any other inſtrument: 
but when an gles are taken, ſome graduated inſtrument 


muſt be uſed in forming the plan. The protractor is 
that commonly recommended and uſed. Let us conſider 


it. Its radius is, at moſt, one half of that of the theo- 


dolite: you may almoſt diſtinguiſh 4 of a degree from 
2, Let us ſee now, how truly a triangle, right-angled 
for example, may be planned by it. Suppoſe the baſe 
2000 links, and the oppoſite angle 1 89 3 o', the other 
leg will be found 5977. But if the angle ſhould be 


180 1 0, the leg would be 5864. Here, for any thing 


you know, may be an error in every 53 links of the 


fide determined by protraction. If every triangle is wrong 
laid down, and if there are 40 triangles in the plan; 


what will be the conſequence? And yet a protractor has 
coſt ſome pounds, a theodolite a great many more: tis 


a pity ſuch dear companions ever ſhould be ſeparated; 
let them therefore live and die together! 


What! no more theodolite? no more bob 


equired to be done in the field, can be per- 


„„ roſs, OA. 
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No. I have propoſed a ſucceſſor to the firſt: and if you'll 


try, in place of the other, a ſector with lines of chords 
to a radius of 8 or 9 inches, it will do better; and if 
the radius be one foot, it will be ſo much better ſtill. 
III. Calculation &c. Here, I cannot help thinking 
it moſt ſurprizing, that two things not having the leaſt 
degree of connection, planning a piece of ground, and 
finding its content, ſhould be made inſeparable! yet this 


is done by all the authors upon the ſubject that I have 


ſeen or heard of. They all direct to protract the. figure of 
the ground which you have meaſured ; then to meaſure 
the baſes and altitudes &c. upon this figure, except ſuch 
as were meaſured in the field; then to find the contents 
by theſe meaſures: nay, it is affirmed expreſly by ſeve- 
ral of them, that the content of no figure, except the 


rectangle, can be found without protraction. Strange! 


is there no other way to come near the truth, but by 


wading thro' falſhoods, and heaping errors upon errors? 


To the ſmall errors, almoſt unavoidable in taking the 
dimenſions by the chain, muſt we add, not only the er- 


rors, alſo unavoidable, in our ſcales and uſing of the 


compaſſes; for no inſtrument is perfect, nor can be per- 
fectly well uſed, but alſo the certain and great errors of 
the theodolite and protractor? The dimenſions neceſſary 


for planning are ſufficient alſo for finding the content. 


The only things to be expected from the moſt exact 
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plan, are a figure of the ground pretty near the ruth, 


and when laid down from a large ſcale, a gueſs at the 
content, made with a great deal of needleſs trouble: a 
Plain table draught indeed ſhould be excepted, from a 
ſcale of 2 00 links in an inch, but this is never called 


protraction, and is really a very different thing. We may 


come very near the truth by methods almoſt as eaſy. 
But what ſhall we ſay when we are not allowed? When 
ſurveying by the theodolite, whether there be a neceſ- 
ſity of taking angles, or not, and planning that ſurvey 


by the protractor, is inſiſted upon, as the only way to 
find the true content? Ha!———Let us proceed to the 
next head. | 

IV. Laying out &c. This being very often ed 
and eaſily performed, one might reaſonably expect a 
clear and full explanation of all the rules for the pur- 


poſe, from moſt of our authors: yet none, that I know 
of, have given more than two or three rules, by the 


by, for doing it: and theſe always ſuppoſe, that the baſe, 


upon which you are to lay out, is a right line without 
off-ſets, or irregular turnings and windings, upon any | 
ſide of it: which is rarely the caſe; for in laying out 
new grounds, or in cutting off a piece from ground al- 


ready brought i in, we are commonly confined to a boun- 


dary on one fide, and ſometimes more; which boundary 
is very often a crooked winding line, and muſt be our 
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baſe, in ſome part of the work. Now if all the ſmall 


turnings are overlooked, the content cannot be laid out 
truly, neither can it be known how far it is wrong, and 


conſequently the ertor is irremediable. 
V. Dividing &c. Here again our authors all agree 
in the ſame neglect of rules ſufficient for the variety of 
the caſes, and in the fame erroneous ſuppoſition as to the 
baſes and boundaries: but they do more: they direct 
you firſt to plan the ground (by the protra&or) then 
to reduce this exact figure into a triangle, by. drawing 
lines and arches; without telling how that is to be done 
upon the ground, or how you are to proceed, when it 
cannot be done there at all: then to divide &c. A 
method curious, artificial, wonderful, and in one (ſeſ- 
quipedalian) word, geometrically-ungeometrical! 
To theſe obſervations upon each of the particular 
heads, I ſhall add one more regarding them all. 
Unleſs the irregular turnings and ſmall windings, 
containing the off-ſets, that almoſt every where appear 


upon the boundaries of open fields, and very often in 


incloſures, are exactly meaſured ; you can neither find 
the true content, lay out, divide, nor plan truly. This 


ſhould appear very evident: yet where is the book hi- 


therto publiſhed, that gives any rule at all for this pur- 


pole? 
If anv author has yet appeared, who * lei 


14 INTRODUCTION. 


al my objettions, and taught in the exact way which 

I propoſe to attempt, I ſhall be well pleaſed not to be 
= - thought ſingular. But if all my objections, (for the fore- 
= going obſervations are no leſs) or even ſome of them 
F only, ſtrike againſt all the books yet publiſhed, the pre- 
ſent ſtate of the art of land-meaſuring, as it appears in 
print, is not arrived at that perfection it is capable of. 
Neither do I think it will, by all that I can do for it. 


poſlibly can be attained to, ſhould fatisfy any man, who 
teaches or practiſes any uſeful art. 


But I think, nothing ſhort of the greateſt exactneſs, that 


py, © hun 


LAND MEASURING. 
EXPLAINED. 


SUPPOSE the learner of this art to have been taught 
arithmetic, vulgar, decimal and logarithmical; Euclid's 
Elements of Plain Geometry; and Plain Trigonometry: | 
a competent n. of theſe is all that is neceſſary 
to prepare for it. 

I ſhall divide the ſubject ü into five parts, treat of them 
in the following order, and make Planning the laſt, 
becauſe it has not the leaſt connection with any of them, 
excepting the firſt part only ; and the other three parts 
are cloſely connected with the firſt and with one ano- . 
ther. Theſe parts then ſhall be as follow, VIZ. 

1. Surveying, or taking dimenſions. 

II. Calculation, or finding contents. 
III. Laying out ground. 

IV. Diviſion of ground. | 

V. Planning, er making a map. 

Thro the whole, I ſhall uſe the form of Problem, 
Rule and Example, wherever neceſſary for explaining and 
connecting the ſeveral parts of the ſubje&: proceeding 
from the more general and caſy to the more particular | 
and difficult. 
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SURVEYING 


— ary rules, for taking the dimenſions of any piece 
of grout d, in order to find its content, lay out, di- 


vide or plan it. Theſe dimenſions are lines and angles. 
For meaſuring or making of which, you * uſe the 
following inſtruments, viz. 


I. The Chain with poles and pins. II. Off ſet ſtaves. 
III. The Semicircle or Graphometer. And, IV. The 


Quadrant. Beſides theſe a great many others have been 
and ſtill are uſed. 


I. The Chain, invented by Mr. Edmund Ge 


about 150 years ago, is in length 2 2 yards, divided into 


x 00 equal links, each link (conſiſting of a piece of iron 
or braſs wire with a ring at each end) is 7,92 inches: 


every 1 0 links to 50 may be marked with a ſmall plate 
ol braſs (or iron) of a different form, the 5oth having 
2 mark different from all the reſt, 40 and-60 the fame 
1 mark, ſo 30 and 70, 20 and 80, and 10 and 90. 
1677 = Each end may have a ſpike to ſtick into the ground, 
We aud make a hole for a pin to go into. You may like- 

viſe have a piece of wood or r bras, one e link long, and 


2 ew — 


| DER this title I propoſe to give all the neceſ- 
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Si ided into 100 equal parts, to uſe when very great 


is required, which, if you pleaſe, you may call 


bay aa Link. In imitation of this chain, we have 


-got a Scotch one, in length 2 4. ells, each link 8,8 8 
Scotch inches. The poles may be 8. or 9 feet long, and 


ſhod with iron at the end which goes into the an. 


The pins may be about 18 inches. 


II. Off- ſet ſtaves ſhould be 1 o links in length, oy” 


divided accordingly, with a croſ-head fixed -perpendi- 
ſame way on both ſides. Their uſe is, to ſet off or mea- 


ſure a ſhort perpendicular in the field, which is done by 


placing one croſs-head on the line, and one ſtaff at the 
other's end, with the heads parallel, A the firſt to 
the end of the ſecond &c. } 7-5; 

III. The Semicircle, or ene may be hacks 
* wood, or braſs: it is divided, by right lines drawn 
from the centre, into 1:80? Oo, and theſe degrees into 
minutes, if the circumference will allow, which it will 


eaſily, if the diameter be 3 feet, or above, and the de- 


grees divided by diagonal lines, as tlie plain ſcales. Or 
the dividing; lines may be produced from the limb of 
the ſemicircle, for every 1 © minutes, upon the ſides of 
a rectangle without it, and the diagonals drawn there. It 
may have two fixed ſights upon the diameter, and a 
moycable index on the centre wich two ſights upon ĩt. 
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ſtaff, which Nane 1 * 
poſition, level or ſloping any way required, which when e 
you have got, you ſcrew the ball faſt, that the inſtry- tl 
ment may keep chat poſition, till you have occaſion to | 
give it any other. The ſtaff has three legs that-fpread il 
wider and wider, as you would have the inſtrument ele- & 
"ated more or leſs. Its uſe is to 0 field. | 
Note, An arch of 1%: 00' to a radius of 3 fert, 
divided as above, and fixed to a a en, 
lnb, may ſerve for all the degrees. 
IV. The Quadrant is e e ade 
wood or braſs, divided into degrees &c. If you make 
it like a bow, that is, having only the arch and chord, 
you may have a radius of 36 inches fixed into the 
middle of the chord and arch, or moveable out and in, 
for cafe and ſafety in carrying, and the arch may be 
divided as before. It may have an index of -brafs, or 
iron, hanging down from the centre upon the arch, and 
the whole as light and more portable than a common 
quadrant of 1 8 inches radius. It may be moumed the 
fame way as the graphometer, and is for the ſame uſe; 
tho not fo quick, it is much more exact than the other, 
upon level ground, for an angle under 9 00. 
I ſhall now proceed to explain the practical rules for 
ſurveying in the following Problems, whercia 1 ſhall 
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Gt he thi alarm the: eure ad ur 


mixed with them, inſentirig-no more figures than are ne- 
ceſſary to explain ——_ 1 . —_ 


het whnlobeoks* 09 res 7 217" x 
e of „n ODE Ks L 
To RI a ſtraight-line all xidble On lead | 
ee . per ane n zm | 
1. R UL. E. p 
1 ends, if there is no con- 
fpicuous mark there already; let the foremoſt chain- 
bearer take Fo pins with him, and while the hindmoſt 
holds his end of the chain cloſe at the foot of the firſt 
pole or mark, let the foremoſt ſtretch out the chain its 
full length upon the ground toward the ſecond pole: 
ok over the chain all along, cauſe the foremoſt man's 
end cover the ſecond pole from the hindmoſt, and there 
let the firſt pin be ſtuck down: let them go on toward 
the ſecond pole another chains length; when the hind- 


moſt comes to the firſt; pin, let him there hold faſt, di- 


rect the foremoſt as before, and when he bas put down 


the ſecond pin, let the hindmoſt take up the firſt. Let 


them proceed | in this manner, till the foremoſt comes-to 

the pole, or till the hindmoſt has got up all the 10 

pins; then let them go on another chain's length, and 

when the foremoſt has ſet his end as. before, let him get 

a the pins from the hindtnoſt, and ſlick down one. 
B 22 


Fl 


R NP AR 1 . 

In this 3 to the eee Befure to ker 
an exact account of the number of changes: for thi 
purpoſe it will not be amiſs for the l 

ſmall ſtone in his pocket at every change; or you may 

aut a ſtroke upon a ſmall ſtick: it will not be amiſs too 

il you count the pins. When the foremoſt comes to the 


pole, count the pins the hindmoſt has got and the odd 


links to the pole. The number of changes, 222 and odd 
Ainks is the meaſure of the line required. 

Thus if you have 9 changes, 8 pins, at _ links, 
the whole xn is I _—_ or 95 n and wot 

links. 

Note, When the bindmoſt man loſes acht of 4 
end pole, the foremoſt may direct himſelf, by covering 
the firſt pole or laſt pin with that which he himſelf 
ſticks down. This may be alſo done, to make ſure of 
the ſtraightneſs of the line, tho the pole be viſible. 

0 e, eee 

To meaſure a ſtraight line, part of which goes Fae 
E bel, the reſt viſible from both ends, and all of it 
acceſſible: the hollow not wy rr nor. ſides ms ; 
uy the n 
Meaſare as before to the nation there * a pole 
to be ſet up, or obſerve a mark on the other ſide in a 
nieht line with both the end poles, or covering the one 


it 
fit 
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SURVEYING, or 
from the other: meaſure to this pole or mark; and from. 
it to the other end, as before. 

e i 7 GR ME 

To e a ſtraight line, all acceſſible, but bn of 
it not viſible from both ends, by reaſon of a ſmall ri- | 
ey in ' the ground ; by the chain. 

UL E. 

Hing ſet the end poles, go to the riſing ground with. 
one aſſiſtant, each of you carrying a pole; there, at ſome 
diſtance from eachother, move with your poles perpen- 
dicular on the ground, till his hides one end pole from 
you and yours, the other from him: there fix one of 
your poles. Meaſure from the firſt pole to this laſt ſet 
985 and from it to the end, as N 

| PNA 

From a given point in a = — 5 line, to raiſe a 
r by the chain. 5 

WS E d 

Fr dhe end of the 24. link on ta rebaiiets. | 
ing 24 upon the line: let the firſt end, and the end 
of the 96 be kept faſt upon the line: take the end of 
the 56% in your hand, and ſtretch the chain, as it now 
lies on the ground, - to the full extent: ſtick down a 
pin at the end of the 56"), and a pole at ſome diſtance 
in a right line with the pin and point. Produce this line 


from the point as far as neceſlary, it is the rm 1 5 


t os B * 


* N 


22 rr . 
required. For herr is a triangle having one ſide 2 4, ano · 


ther 32, and the third 40, deins in the ratio of 3, 4, S. 
Aud all ſuch triangles are .tight-angled. 
; R U. LE. H. 


E te "PP ofate.chais.apenthelingd 30 or 


40 links diſtant from the point. Take the end of the 

coth in your hand, and fo. ſtretch to the full extent: 

then ſtick a pin &c. as before. obj 
Note, A ſhort perpendicular may. be raiſed: Mie 


eye, or the chain may be directed . the otf-ſct ſtaves, 


as in Page e d 
ee — a. to raiſe a per 
pendicular, by graphometer, or —_ 
-R Ui*kB2 5 
Set the centre above the point and the diameter, or 
radius to 00? 00, upon the line, and there ſcrew faſt: 
turn the index upon 90 © 0; and keeping it there, cauſe 
a pole to be ſer in a right line with-it: tun a line from 
the point upon this pole: it is the perpendicular requi- 
red. If you uſe the bow quadrant, che inder is meant 
by the radius, or a right line from che oenne 40 oo oO. 
£5 ROB M. 2 . 0 
Ts find a right line thro a . work Kae 
end of which you e e of IP 
phometer. 
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- RULE 
e ſide of it, as before: there raiſe a perpen- 


3 reach to the end which you can paſs by: from 


the top of this, raiſe another reaching to the other ſide: 
to the end of the line. Add the firſt meaſured part, the 


ſecond and fourth perpendiculars, the ſum is the length 


of the whole line. See Plate J. Fg.. 
Thus the fam: of -f DE-EFB=AB. Here hy 
may obſerve that the line DE is parallel to the line AB. 


See another method in Prob. XXI. 


„EO 8 
Jo let fall a perpendicular from a given point upon 
2 given right line; by a graphometer or quadrant. 
RU L E. 
Ser che index 40 90 09, and keeping it there, with 
the diameter, or radius to oo Oo upon the line, move 


the :inſkrument forward or backward, till the index be 


in a right line vit the point: ſet a pole in the place 
immediately below.the centre: take away the inſtru 
and.ryn a right line from the point go) che pole. by 


the perpendicular required. 


PR OR. VII. 

Todothe ame by he chain, without any gated 
inſtrument. 

B4 


| „ 4VL E. N 

Take the end of the 24 link in your tian, let 
one en take the end of the 96h and beginning 
of the 1“ in his hand, while another holds the end of 
the 56; carry the 24 links along upon the line, till 
the ſecond aſſiſtant brings the end of the 56'Þ link into 
u right line with the point and your end of the 24; 
the chain being ſtretched to the full extent: ſet a pole 


in place of the end of the 5 6. Draw a right line from 
che point to the pole, and produce it to the line. 


Note, A ſhort one may be let fall by the off ſt lese 


turning the heads toward the line &c. 
| „ FPR OB, 0G 5 
Jo take an angle of en or b. by the 
| e > 263-2 | 
R U L E. 


OP the foot of the height, direct the quadrant to the 


top, the index hanging down freely, and juſt touching 
the limb; it will ſhow you the meaſure of the angle. 
But for the angle of depreſſion ; upon the top of the 
height, direct the quadrant with its centre to your eye, 
to the foot, and you will ſee the meaſure of the 015 
cut off upon the limb from you. 

+ P'ROB:/ X. 
To us an angle of elevation, by the chain, 


42 — — 


eee 0 
Ar the foot of the height, fer a pole truly 3 
| cular; go back from it in an horizontal line, till you 
juſt ſee the top of a pin ſticking in the ground, the top 
of the pole and the top of the height, all three in one 
line: meaſure the height of pole and pin above the 


> 


ground, and diſtance, moſt exactly: then, as the exact 


diſtance of pole and pin, to the difference of their heights, 
ſo i is radius, t to the tangent of the angle of elevation. 
e EN AM PLB. 5 
Soppele the height of the pole above the * 8 
feet 3 inches, that of the pin 1 foot 9 inches, and their 
diſtance 2 7,8 links. I demand the angle of . 
F. 


of the * 8—3 
nale; of the art 1 7 
Difference -"- 6226 
3 ä 
| Diſtance . 705 Links. 
17392. 71 28 a 
e 
25 %/%ʃõĩ 6336 
. „ 5, 
e 3. 
8 1 780 be 


"TRE. 4,176 Inches 


* 


OY PART: "2 


As the diſtance of pin and pole 27,8 Log. 1. 44404 
eat eos; — e 1 


—— N 


Anſwer 1 th Jt . 
Note, You cannot take the angle of Games eh 


dhe chain, but you can meaſure, or find the downhill 


line, and at the foot take it as an angle of elevation. 
Ihe height of pole and pin may be meaſured in links, 


and theſe reduced to feer &c. nn you fee | 


Ane _ 
'PROB. XI. 


Io find the bottom line cho a hl; or to reduce 
—— lines | to horizontal. 


"KIT LR: 7 

Take the angle 75 elevation, and meaſure up. to the 
top: then ſay, as radius to the up-hill line, ſo is the co- 
fine of the angle of elevation to the bottom line that 
reaches to the foot of the perpendicular height. Take 
the angle of depreſſion, and meaſure the down-hill line; 
then fay, as radius to the down-hill line, ſo is the ſine 
of the angle of depreſſion to the reſt of the bottom line. 
If the whole bottom line be wg at once; tay, 88 as 
the ſine of the angle ofglevation 


ſo 


de 


fi 


SP 


SURVEYING 25 
ſo is the ſine of the ſum of the angles of depreſſion on 


both fi des to the whole horizontal line. 


5 E X VVV 

At che foot of a hill, I find the angle of on 
19% 10, and meaſure up to the top 3480 links; 1 
demand the length of the horizontal line to the foot of 
the altitude? _ 

As radius, ſine of an oO Ae wb x 

To the uphill line 3480 - I. 3-541579 

So is the coſine of 199 30) » L. 9-975233 


70 the borizonnl line 3287 - E 3.5168 12 
8 Anſwer n links. 


44 all EX AMP I E 1 
At the . hill, I take the angle af ant 
fon 75248, and meaſure zurn to; the foot aner 


3 


nee foot of che hi; 185 
As radius, ſine of 900 -. Log. 2-6; 
To the down-hill line 2865 - L. 3.45712 
So is the ſine of 75% 48 > ». 9.986% 


To the bottom line 2777 links - L. 3. 3.44364 
Anſwer 277 links. 


EXAMPLE III. 
For the whole bottom line of another hill. See the work. 


28 5 ART 


RE ages of prion 


Of elevation 190 10 Sum 
And down-hill line 286 5 


Supplement 33 2 2 N | 


ws # 
"3 4 


0 41 8 
16 0 . & "Sn. 


707 IF 
180 06, 


eee > . Log. rd 


To downhill line 2867 


So is ſine of -1462 38 - 


To the bottom line 4799 = 


L. 3.45712 
L. 924036 

3.19245 
L. Ji 681 19 


As the hodeontal lines are the true ions either for 


finding the content or forming the 


it may not be amiſs to have ſuch a 


plan of the ground, 
table as the follow- 


ing; by which they may be found when logarithmic 
tables are not at hand. The multipliers are all calcu- 


lated as above, for an e 


or 100 chains. 


line of 1000 links 


SURVBYING. #9 
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15 TABLE for Ceres. Lines 
VVV HORIZONTAL: LINES. 
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| A TABLE of HyroTHENUsAL” reduce 
4 , HoR120NTAL LIN ES. 


| 252 301,9026 220 05, 89030289 34,8771 
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e 2518957128: oo 29% 3804 
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n N * I FO n 2 3 3 4. 8 
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25 50, 90017 251,8877]28 55/8753 
25 55|,8995]27 3088709 0, 8746 
26 00, 898927 35886329 05,8739 
26 05,89“ 40. 129 10, 8732 
26 10, 897607 45.885029 15], 8725 


126 20,896 3027 55,883 6029. 2 51.8711 


26 35|,8944]28 10.881629 40 „8689 
26 40, 893728 15.880929 46,8682 


26 50, 892428 25, 8795029 55,8667 


5 wh ? M4 ; 1 % * 
- 3 N e 
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"The Viz of thi TABLE. 


1 he 2 5 of elevation is in it, 9 the >” 
| hill line by the number anſwering the angle; if not, 
by that anſwering the angle neareſt it: the product is 
the horizontal line to the ove of the altitude, or per- 
ane height. | 


EXAMPLE 9 


Las the fame horizontal line be required as the firſt 
ple of the problmm 

Tabular number 39446. for 1 9% 100 
_ Up-hill line 3480 


3 42 
pea 5336. 


333 line 3287,2 8 the _ as [age 


EXAMPLE IL | 


"Tan: it is required to find the horizontal line * 
* Rue foregoing? 
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B ; * * 4 1 4. * 3 £ n 
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| 5 2 7 d 
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e line Ce 2777, 904 + neal 

5 ame 25 before . 

PRO B. XII. 
To find the pee height of a vet holes &e 
where you can meaſure to or from the foot of it * 
nen line; by the quadrant. 
R UL E. 

-Mihafire from the tower, till you find the whe of 
elevation 45 00', and then the diſtance is equal to the 
height. Or, take ha angle of elevation at any diſtance 
from it; meafure that diſtance, and then Way; as radius 


to the diſtance, ſo is the tangent of the angle of elevs 


tion to the altitude above the centre of the TO, 


"PR OB* KNEE 5.7.35 
To do the fame by the chain. Alken, 
R wg 

Take the angle of elevation by Prob. X. and pro- 

ceed as above, with the diſtance of the pin from the 

tower, to find its height above the * Or, . toy as the 


& 


by 


an 


"SURVEYING. "y "Ys 


diſtance of pin and pole to the difference of their heights, 
ſo is the diſtance of the A Des the "pup! to the height 
above i it. * 4 . ; 
1 P R 0 B. nv. | 
Eng d hi b of a tower &c. above a boris 
tal plain, to find its diſtance from any point in that plain ; 
bY wy ack ame | 
y | R UL E. e 
As rache to he height, ſo is the tangent of the 
angle of depreſſion to the diſtance. 
Note, I ſuppoſe theſe three laſt Problems o pl , 2s 
to. 1 no Examples to explain them. ' 
PP KO Bu xy. 1 
To meaſure an inacceſſible height, as a mountain &c. 
of from a plain, where you can go back from the foot of 
it, or r forward to it; by the quadrant. 
RULE. 
Take 4 angle of elevation any where upon he 
plain; meaſure, back or forward, a conſiderable diſ- 
tance, and take the angle again: then, as the fine of 
the difference of the angles taken, to the diſtance mea- 
ſured, ſo is the ſine of the leaſt angle to a A term: 
and as radius to this 4h term, ſo is the ſine of the 
pro- dennen n 32 
the |  E£XAMPLE.- 
the eurer, atthe foor of a hill, 1 fad the f ele- 
: 55 
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PART: E. 


vation 19 30% . links, 1 
find it 14? $00! 1 demand the alitude of che hill 


Greateſt angle - 192 3o' 
„% 1 7 3 BS $9 © 


— ee þ 40 


Ar. co. 
As the ſine BY the difference of the 
r ws 1.689591 


To the diſtance 6 29401 3 468347 


So is the ſine of the leaſt angle 14 50' L. 9. 4082 54 


To 2 5 . or eee en . 3. 9 661 97 


As radius ſine of 90 o Log 16. 


To the hypothenuſal line 9251 - L. 3.966197 
So is the ſine of the gr. angle 1 993 o' L. 9.523495 


To the altitude of the hill 3088 - L. 3.489692 
Anſwer 3088 links. 


OP ROB. Stk tie 
To meaſine any angle on the ſurface of the field ; by 
the graphometer or quadrant 
T 
Having placed the centre above the angular point, le 
vel ſo as you can ſee both the poles, or marks at the 


ends of the lines that form the angle; there ſcrew faſt: 


le⸗ 


the 


SURVEYING. „ 


turn the i e 7 or radius, to 00? oO“ towards One | 
end pole, and the index towards the other: then you 
will ſee the meaſure of the angle cut off by the central 
edge of the index upon the limb. But if the angle be above 
909, and the ground not level, you muſt not uſe the 
quadrant. When the angle is not above 90, or the 


| ground tolerably level, you may uſe it; for any angle, 


by ſetting the radius to 00? oO, upon one end pole, 
that is looking over the centre, and 00® oO to it, and 
placing a pole in a right line with the index upon 90, 
then bringing the radius to 00? OO upon this, and 
turning the index upon the other end a it will cut off 
the meaſure of the angle above 9 050. | 
5 FRO RB. XVIL 

To do the ſame ng by the chain, upon level 
8 or under 60 
R ULE. 

Meaſure from the angular point one chain als 
al of the ſides, ſetting poles or pins at the ends of 


theſe meaſures: if theſe poles or pins are above a chain 


diſtant, ſet one or two more as far from the angular 

point as the two firſt, and ſo as none of them all may 

be more diſtant than one chain: one ſet between the 

firſt two makes two angles, and two of them make 

three; find theſe angles by the following proportion, 

and add them together, their ſum is the angle required. 
C3 


- 


4 - 1 \ 
bo is half che dif. 


74 


: = Ws . 
Co LOS 
92 i : * e 5 8 11 . 
3 3 2 ö LIE 3 
I 3 * © 1 4 : $ 
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tion is, as 100 to radi 


My 
5 
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EXAMPLES. 
6% 


8 
NE. 


3 


38 
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pO 


» 
- & #-x 
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* 


* 


2)76 
38 
For the angle A. 
L. 
L. 


j 
_ 
— 


2 "OM | 
11 Lag res aug 12 ab | 
278 | | 


ge 1-9.59106=S 22 57 X2=45 54 
i . 2 28 


Ipe the angle C. 
9084 5 
42 Log. 9.68255 Ee 50 * 22 495 400 
| 27009 
45 1.9.6651 8.26 45 X2= 53 30 
2)80 | 
40 = g,40296 = 9 23 N 47 m5 
<C=150 20 | 


It appears by the work for the angle A, that the lo- 
garithm of half the chord (or diſtance of the pins) 
with 9. for the index, is the logarithmic ſine of half the 
angle; and this will hold true for all the half angles 
above 5 44', and the index below that, to 34 will 
be 8. Or, by adding 8 to the index of the logarithmic 
half chord, you will have the logarithmic ſine of half 
the angle. This is the reaſon of the contraction in 
the work for the 30g B _ 'C as above. 


N . r AAT IL 


In taking Rh on the field by the aides 7 


chain, there are two conditions required, that the ground 
be nearly level; or that the angle do not exceed 9 0® 
for the quadrant, or 6 0® for the chain: the reaſon is, 
that the two ſides of any angle muſt be in the ſame 

| plain; but if the ſurface of one part of an angle taken 
by the quadrant is higher or lower than the other part, 
both the ſides are not in the ſame plain; for that ſurface 

is the ſurface of the quadrant, and extends no farther 
than it does, that is only to 90 00), fo that the ex- 
ceſs of the meaſure is really that of another angle, not 
a part of the ſame. The caſe is the ſame with the chain 


in an angle above 6 0®, for you cannot be ſure of the 
ſame ſurface any farther than one chain's length, which 


is, by the rule, the radius for meaſuring the angle, and 
the chord of 6 O00 is equal to the radius. But when the 
two ſides are nearly in the ſame plain, or in the plain 
of the ſurface of the quadrant, which is the level I mean; 


any angle whatſoever may be meaſured by it: as alſo 


by the chain, when all the chords, or diſtances of the 


poles or pins, are in the ſame plain. 


There is no condition required to limit the made 


of the angle to be taken by the Graphometer, becauſe 


the plain of its ſurface extends to any angle whatſoever. 


And if it have a radius large enough, it is the beſt inſtru- 
ment for this purpoſe, that can be uſed in the field, of 


all that have been as yet contrived. 


1 itn. — py 4 — A Bs 22 


* ired. 


* i x a a. 5 F 1 C 4 x $ 
SUR VEYING 4 
__ * 47 


p ROB. XVIII. 

To meaſure an inacceſſible height from a plain where 
you can neither go back nor forward, but only to one 
ſide; by the graphometer and quadrant. _ 
i RU L'S 

On any part of the plain, take the angle formed by 
a right line from your ſtation to the top of the height, 
and another from the ſame to a pole ſet up, where you 
deſign your ſecond ſtation; and leave a pole at this ſta- 
tion: meaſure to the ſecond ſtation, and there take the 
angle as before, at the firſt, with the pole left there ; 
take alſo the angle of elevation. Then, as the ſine of 
the ſupplement of the ſum of the two firſt angles to the 
ſtation diſtance, ſo is the ſine of the firſt angle to the hy- 
pothenuſal line: and, as radius to the hypothenuſal line, 
ſo is the ſine of the an gle of elevation to the height 


| EXAMPLE. | 5 
Let the firſt angle be 69 400, the Nation diſtances : 


3460 links, the ſecond angle 5 30 50', and the angle 
of elevation 173 5. I demand the height of the hill? 


Here des firſt angles. 


2 
123 30 Sum. 
180 oo 


8 a 7 2% 
E . 4 
. - * „ 2 


56 30 Supplement. 


Ar. Co. 


As the fine of 5 60 3 n Ee ebe; 
To the ſtation diſtance 116 ; L. 3.539076 


So is the ſine of 699 40' we Tet Lg. 972058 
To the bypothenuſal ages LT 599927 


| Arandivs . 5 I o. . 51 
To te bypotenae= 3891 L. 3. 59 
So is the ſine of 170 283 bs eee 
8 To the altitude 1175 - = LY 070167 
Außer 1175 links. 


P ROB. XIX. 
To meaſure a right line, or diſtance, acceſſible 22 
at one end, by the * 
RU LE . 
Set 1 up 2 pole, or obſerve a . at ſome diſtance 
from the acceſſible end, to which you can meafure from 
it: take the angle formed by the inacceſſible diſtance, 
and that to be meaſured: meafure it, and take the angle 
formed by the meaſured line, and the line from its end 
to the inacceſſible end. Then, as the ſine of the ſup- 
plement of the ſum of theſe angles to the meaſured diſ- 
tance, ſo is the ſine of the ſecond ang to the inacceſ- 
ſible diſtance, 


c 


raking angles. | 
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ae dcs "EXAMPLE. 


eee ſide, I obſerve a tree ng | 


e be fie e 


I find the firſt angle (taken as above) 63 25, the 


diſtance to the pole 1760 links, and the angle there 
| 5$69-2:5: I demand the diſtance from OY 
to the tree beyond the river? | 1 


83 27 


5 56 75 {ages ak 


119 40 Sum. 
5 180 00 


20 > Spe 


As the ſine of 6 o 200 - Log. 0.061019 | 
To the ſtation diſtance= 1760 - L. 3.245513 
So is the ſine of 569 15% — L. 9.919846 


To the required diſtance = x 68.4 . * 1 226378 
Anſwer 1684 links. 


P ROB. XX. 
To perform the fame thing by three poles, without 


. RULE. * 
Ser the firſt pole at the acceſſible end, and from i it 


ee AR T 1 


mie a bs to the inacceſſible line of any cn 
|  ſiderable length; at the end of this, raiſe a perpendicu- 

' lr to the line from it to the inacceſſible end, and ſet 
the ſecond pole; let this perpendicular juſt reach to the 
inacceſſible line produced from the firſt pole, and there 

ſet the third pole. Divide the ſquare of the firſt perpen- 
dicular by the diſtance of firſt and. third pole, the-quo- 
tient is the inacceſlible line. 
12 EXAMPLE. 
* Let the firſt perpendicular be 640, the ſecond 734, 
and the diſtance of firſt and third pole, conſequently, 
359 links. I demand the inacceſſible diſtance? 
Firſt perpendicular - - 640 
oo OT. 640 


256: 
5 384 
Square | - -- 40960 
Second perpendicular - - - 934. 
. 234 
2936 
2202 
| | | 5138 | 
” we SE WS int d a 
| Square of fiſt perpendicular - 409600 


Difference of the ſquares - 129156. 


E SURVEYING. og 
piece ar 29 I 56059 
6381 » 
„ 273: 


Thus the diſtance of 
firſt and third pole is 
found 3 5 9 links. 


ö 
3 
- 


mird pole 


* a ny « | e S | oh n n N N f 4 ; 
4 * 4 3 £ 
0 N : | * 
1 „„ % 
L ME Wy” 
"a 5 1 + . 0 [1 i 
c * h - x 
* 5 7 * P * i. "FJ : ' * % N * * 5 . 3 I N 
t. 4 8 IS 


Fad, of an Te Fg 
CS 
3593 _ 

Anſwer 1 140 links. 3593 3 
| 14370 
14527 


Not ote, The ſame may be done by dow poles: but, 


as 41 think it needleſs to uſe four, when three can ſerve, | 


and better too, I ſhall not mention that method. 
PR OB. XXI. 

To meaſure a diſtance all inacceſſible, except * two 
ends from either ſide of the * 4 the ety: 
meter. 

| RLE 

Meaſure a right line from one end that will bring 
you into the acceſſible ground; take the angle made by 
this line, and a right line to the other end; meaſure 
this laſt line: then having two ſides, and the included 
angle, * the ſide required, as below. + 

EXAMPLE. 

Let the inacceſſible line be AB, going thro' many 

ſeep hollows, over rocky, ar otherwiſe inacceſlible places, 


betwixt A and B. Let the firſt acceſſible line be AC= 


a7 © 


W OO — > 


1965 L. the angle at C 121 260 and the ſe 
nm Required AB? | 


Ses Pla 1 . 2. 
180? oo 


121 26 


z by * 


Ar. 00. 


As S. A 49% 21 = — " 0.11993. 


To CB=9320 +» - „Lz. 96942 
So is S. < C = 1210 . 9-93108 


SURVEYING. 1 "= 


7 


To A 1% 4 0 2 L. 1 


ume the diſtance from A to B is found 10485 


<= 


K 1 w | 
oz : : hae 
— 9 2 5 
pe vs * * 
_ 2 3» 
| B. * 
4 
— Z - | „ 


chain, it will do as well for the hindmoſt chain-bearer 
do direct the other by it, if it be before? you, or the fore- 


- 


To _ or continue a right line, jon acceſſible 


ground, where. you loſe ſight of both ends. 


h REULE 8 
When you obſerve that you are like to loſe Gght of 


both ends, ſet a pole at any part of the chain; let the 
| foremoſt chain-bearer direct himſelf by this, til you are 


like to loſe ſight of it too; then ſet another pole, and 
ſo on as before. But take care, in ſetting theſe poles, 
that they be exactly upon the true tract of the chain 
for when they are often ſet, a very ſmall deviation at 


any time will be a great error, if the line 3 is long. If 


there is any conſpicuous mark right i in a line with the 


moſt to direct himſelf, if it is behind you. 
Note, In taking angles when the end poles are far 
diſtant, ſo as to be hardly viſible; poles ſet as above, a- 


bout 6 or 8 chains from the angular point, as you are 


meaſuring the lines; will ſerve the purpoſe, as well as 
the end poles: or you may. ule the marks 9 of a- 


bove, if they are ſmall, or at a great diſtance. | 


P ROB. XXIII. 
To meaſure a diſtance every way coi, but 
both ends viſible; by the Ine } 20 
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ON 0 NUR. | . 
Chuſe two ſtations at a conſiderable diſtance: at the 
firſt ſtation, take the ene the ſtation diſtance 
and right lines from it to the inacceſſible ends: meaſure 
to the ſecond ſtation, and there take the angles, as be- 
fore's then find the inacceſſible diſtance, as below. 

| - EXAMP LE. 

Suppoſe A and B, two trees on the other ſide K 2 
river, C and D your two ſtations ou this ſide, 1 3 ++ 
links diſtant, the angle ACD=8 245 : BCD= 54 20, 
ADC=3 90 4015 and BDC=6 29 10ʃ. Required AB? 

"= 08 Plate Ih 
SACD = 8245 
<BCD=54 20 | 
<ACB=28 25. Ar. Co. 


As fine of <CAD=57%35" + Log. 0:07357 
To DC=1 344 „„ ne Bo So SSA 
So is fine of ADC = "39" 40' L. 25 80504 


To AC 1016. - - = +» -< L. i 


| 11 — S ADC= 39400 
<ACB= 28 I's . < ACD= 82 45 
t 2) 1 1 +: 15 122 25 
75 48 33 180 O0 


c „ 3s. 


50 


- e 
As ſine of < CBD = 63 30 — 10g. O. 0 4820 


To CD = 1344 s jo | Þ iS +» "$2 2.£28 40 
So is ſine of BDC = 62% 10 — I. 9.94660 


To BC= 1328 — » - L.3.12320 


1328 
1 þ 
To BC. AC= 312 L. 2.49415 


80 is T. TI. 480% L. 10. 59681 

> — 

To . <CAB—CBA _ = 2 45 . 97100 
| "ABC = 48 03 
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As fine of < ABC = 480 Log. 9.87141 
To AC= 1016. » Wn: nw thin. bo: 0070t 
So i; fine of < ACB = 28% 25 - L. 9.67982 
| 12.68683 
ro AB= 653.8. — L. 2.81542 
Thus che diſtance betwixt the trees A and Bis found 
hi links.” 


. 


* * 


Thus for of — lines and EYE "Theſe a are 
ll the rules, 1 think, neceſſary for taking the dimenſions 
pf any. tract of ground, large or ſmall, in order either to 
ad its content, or form a plan of it. I ſhall now pro- 
ced to the application of them in actual ſurveying: but 
t will be proper, firſt to explain ſome terms uſed of”. 
urveyors, or that may be uſed in ſurveying. 2 
I. An Eye Draught is a figure drawn upon the ot, 
cembling that of the field or ground to be meaſured 
n the ſituation of the ſeveral ſides and diagonals, diſ- 
nguiſhing the outward from the inward angles, but 
ithout regarding the exact proportion of the ſides and 
ngles to one another; marked with the letters A, B, 
&. for the ſeveral poles or marks at the corners. 
II. The tight-lined part of a field is that contained 
"thin the right lines from pole to pole, and 3 N 
d by the eye draught, 
D 2 


= PART - 


+ Bk The Oles are theſe parts of a field contain 
ed within the parts of the boundary berwixt the toy 
or ends of perpendiculars from the right line you : 
-meaſuring, theſe perpendiculars and the parts of the rig 
line between them. As theſe parts of the bound: 

muſt beſo very near right lines, as to be ſafely taken fu 
ſuch, all off:- ſets are either triangles, or rectangles, q 

trapezoids ; ; that is, quadrilateral figures having two ſid 
parallel, viz. the two e from the 3 
ſide of the field. 1 
IV. The Field Book is ſome "a of trong Pape 
pin d or ſtitched up in an octavo form, ruled as you mi 


| ſee in the following examples, and. for the uſes tha 
explained. Of 


P R 0 B. Av. 
To meaſure a rig or two . called Runri 
meaſure. 


_— 7” 4 / 

When the content only is required, which is the my 
common caſe. 'Take the breadth at one end; meaſu 
one chain in a perpendicular to this breadth, raiſed þ 
the off. ſet ſtaves, or by the eye, from any convenie 
part of it: at the end of the chain, take the bread 
again in a perpendicular to it: meaſure forward anotb 
chain &c. till you come to the other end; there tak 
the breadth alſo; and you have done, If the furron 


—— — — ———————————— r oe nn eu ene ee > 


are not ſtraight for the whole length of a chain, take 
the breadth at 50. 30 &c. ſo as to have ſtraight fur- 
rows always betwixt your breadths ; mark the lengths 

End breadths in the field book, as you ſee below, un- 


oo. under B. If the chain runs out of the rig, as it 
vill ſometimes, when very crooked, obſerve what is di- 
ected in the next rule, when this caſe is ſuppoſed to 
EXAMPLE. 

Two rigs laboured by J. WHITE, Anno 175 6. 


_ 


Fai Left Hand. | B. Right Hand. 
„ 56 = | 
100 | 64 
200 | 70 
ng 2 300 | 68 
| 40 | 72 
60 | 78 
500 | 74 
_ 70 80 
{ 5 FRE xs 84 
LU 700 | 84 
I 800 | 78 
goo | 78 
| 5o | 78 
ad 5o | 70 
the 1100 | 62 
tak 1200 | 50 | | 
0 — 1264 = whole length. 


der L. and B. when it begins or ends in a point, marx 


"xz 


* er wer Ran. 


Bite wo r 
* Shy 
* 


— 


R 


Note, If the breadth be more than one chain, mes. 


ſure, as above, firſt down one, then up another. You 


m. do the ſame with a third and fourth rig &c, 

| T RY LE MG wr 
If it bi required to inſert the rigs into a play, ſet a 

pole at the end you meaſure to, and direct the chain upon 


it, taking the breadths all along, as above. If this line 


to the pole runs without the ground you are meaſuring, 
ſubtra& the part without from the whole breadth, {ct 
the remainder under B in the field book, and the part 
without in a line with it, marking whether it is to the 
right or left hand of the ground as you are meaſuring, 
Do the ſame with the parts of each breadth on each 
ſide of the line, when it is all within the ground. 


half 
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EX A M PLE. 
| One rig bone by D. BLACK, 1756. 
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80 
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* 12. | Right Hand. 


Note, Tho all the brendhe are fer down links, yet 


halfs and qua 


„ and even tenths, ſhould be taken. 
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P ROB. XXV. 
To make an eye draught of a field. 
e RE ES 
When you are to meaſure any piece of cotnd, firſt 
walk round it, and thro' ſuch parts of it, as can give 
you ſome idea of its figure and ſurface, that you may 


know what inſtruments you will have uſe for. When þ 


you are to begin the ſurvey, being provided with every 
thing neceſſary, a ſufficient number of aſſiſtants, and one 
to ſhow the boundaries; on your field book draw a fi- 
gure like that of the field, the ſides all joining the fame 
way, the firſt pole, or corner where you begin, marked 
A, the next B &c. If you are to uſe the chain only, 
draw the diagonals as they are to be meaſured: if you 
are to take angles, diſtinguiſh carefully the outward and 


inward: if the field has no more than 6 ſides, this 


may be done, and all the poles ſet, before you begin; 


if no more than 1 o, it may, as you go round: but if 


more than 1 © ſides, it cannot be done at all in the field 


| book with any exactneſs: however, always mark the ſides 


and angles in an alphabetical order, that when the ſur- 


vey is made, you may form a rough draught of it, which 


will ſerve inſtead of an eye draught, to ſhow the order 
in which the parts and ſeveral triangles ly, which, tho 
not very exact, may direct you both in finding the ſeveral 
contents that make upt the whole, and] in WI the * 


how far it may be rec- 


koned a ſtraight line, and 


SURVEYING. 5 

When there are many ſides, two poles ſtanding at 
one time are ſufficient, tho more ſhould be carried =  M 

bout, that they may be ready at hand when required.” = 
| PR OB. XXVI. | # 

Te 0. meaſure the off-ſets of a field. - 28 8 

RULE. TE 9 

As you meaſure along | = | 

from one pole to another, 
obſerve the boundary, 


where it turns, raiſe a per- 
pendicular from any part 
of the chain, where it will 
be a true one, to theboun- 
dary. If theſe perpendicu- 
lars are ſhort, they may 
be raiſed by the eye, or 
by the off-ſet ſtaves; but, 
if long, they had beſt be N 
let fall from the turning 

or angular point, by Prob. 
W. or VIII. 2 


EXAMPLES, 


3 N 6 
3 : . * - 

Lf , 
g 1 


w Brett ROB. ie,, net 
To meaſure or take de dimenſions of a fic, by 
eee FP BEOS, 
RU L E. 
date from the firſt pole a LR 
off-ſets (if any) all the way as you go on: fer the off- 
ſer perpendiculars in thc right hand eolumn of the field 
book, if they are within the field, and in the left hand 
column, if without; marking exactly the end of the links, 
where they are raiſed in the middle column. Where 
the right line cuts the boundary, ſet oo in the off. ſet 


columns, and the end of the link in the middle column, | 


Do the ſame all the way from ſecond to third pole &c. 
till you are got round the field; then meaſure the dia- 
gonals. Set down any remarkable thing you obſerve as 
you go along; if without the field, on the left fide of 
the field book; and on the right, if within it; raiſing 
perpendiculars from the line you are meaſuring to their 


corners &c. and marking the lengths in the proper 


places; marking alſo where raiſed, 


Buy this Problem, any tract of ground, how 3 
ever, may be ſurveyed; the only condition required is, 


that diagonals may be meaſured by any of the Problems 
for meaſuring or finding of right lines, without a very 
great deal of trouble and time: when theſe are required, 
or when the diagonals cannot be meaſured at any rate; 
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hay ad } in no other caſe, angles muſt be taken, in or- 
der to calculate the other neceſſary dimenſions. | 

When the field has many ſides, you may bi 
firſt one part, then another, and ſo on, none .of them 
having more than 1 © ſides. 

The poles ſhould be ſet fo, as none of 0 the off-ſet 
perpendiculars may much exceed one chain, unleſs the 
boundary betwixt them is made a * line, as a wall, 
hedge, ditch &c. 

It may be better e to W diagonals 


before ſome of the laden, for quickneſs and dictinct 
work, | 
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N + obs 
Eaſter Park. Sir W. I. Anno 1756, 


New -Mains. 
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2060 = BC a Park Wall, 
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"EXAMPLE. II. i 

New-Mains. Middle Park. Sir W. I. * 1 7 56. 

OA — — — 


Lett Hand. Off. Diſt. Off.] Right Hand. 
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* At 400, to the corner of 
7 __ 9 1220 | 00 
280 
At 750, to the other cor- | I525 | 25 
ner, a perpendicular 220. 1 800 96 
Barn-yard is a ſquare of 63 ; N 
360. — 1863 = ABwitha row of trees 
At 850, to the farm-houſe, | _ IOO | 25 [all along. 
a perpendicular 200. 3 2-200 38 
At ro00; to the entry of 300 
the 2 a perpendicular 1743. , | | 4 8 o | 79. 
t 1280, to the corner of | 
ditto, a perpendicular 160. EE 500 | 60 
Cloſe a rectangle of 520 by 600 83 
$60.” 3 700 | 26 | 
See Plate V. in Part V. SE 800 $2 Burn, 20 broad. Buſhes on a 
| | . both ſides of it all the way. 
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1476 = BC. 
2060 = 'CD = BC before. 
Planting begins at 1660 from 
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EXAMPLE 1I. 
- Welter Park. Sir W. I. Anno 1756. 


_ A Hedge and Ditch all round, _ 
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| 79 | At Boo from A, a ſtraight row 
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P R OB. XXVIII. 
To ſurvey a field having no off ſets, from one ſta- 
tion where all the. corners are viſible, - by the grapho- 
meter. 
0 UI E. 

Set the inſtrument upon the ſtation, and level it ſo, 
as you can ſee all the corners thro the ſights, then ſcrew 
faſt. Take all the angles, made by a right line to the 
firſt corner and one to the ſecond, by one to the ſe- 
cond and' another to the third &c. then meaſure all 
theſe right lines. If you cannot level to all the corners 
at once, two and two will ſerve. You may meaſure one 
line from the inſtrument, and another to it &c. _ 

This Problem may be applied, tho all the corners 
ſhould not be viſible from your ſtation, by reaſon of 
riſings in the ground: for, in that caſe, poles ſet by 
Prob. III. will ſerve for them. But when any angle is 
a forbidden one, viz, under 15, or within 1 5 of 
90®, or above 1 6 50, meaſure the ſide that is oppo- 
ſite to it. See page 8%. 

To prove the truth of the angles, obſerve, that when 
the ſtation is within the field, the ſum of all the angles 
muſt be 3609 oo. If in one corner, that ſum muſt 
be equal to the angle contained betwixt the two, adja= | 
cent ſides, or to its ſupplement to 3 60 O0 „ if it t be 
an outward angle. 
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EXAMPLE n. 
Crow Park. Station A. One Angle. In 
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CA 
= AD 
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= AP 


Note, The work of this and the following Problem 
may be done by the chan, taking the angles by Pro- 
blem XVII. 
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"IN G. * 7+ af 9 
| PROD 0d 
To ſurvey any _ going round it, > the graphs 
meter. 

1 R U LE. 

Place the na at one angle, and meaſure from 
another to it, taking the off. ſets, and noting down the 
remarks all the way as you go on: when you come to 
the inſtrument, take the angle formed by the firſt mea- 
ſured ſide and the next ſide, meaſure that next ſide &c. 
till you are got quite round; diſtinguiſhing carefully the 
inward and outward angles. But meaſure the right lines 
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— the forbidden angles, g 
EXAMPLE. | 
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Ie Pond. A ſtream from it | ABC| 73% 2.0; . 
wan. © — — 8 
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ied = 2 1279 15 = ' 
edi = 28 20 70 
dieb 2 47 oo Hun. 
5,60 = 85, 0, 2.% | 


10. dAf = 58 40 - 


See Part V. Prob. XV. and 
. Plate VIII. 
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1802 = HA. 


"This field having eight ade the ſum of al the 
inward angles, with the ſupplement of the outward 
angle to 3609 oo, muſt be equal to 1 2 Nght angle 
by Euclid I. 3 2. Theor, 
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* eye draught not being of any ſervice, it is not 
| uſed in the laſt three examples; but the uſe of it is re- 
ferred to the rough draught, which ought always to be 
made when you uſe theſe Problem. 
I The, foregoing Problems, I think, are ſufficient for 
meaſuring any tra& of land, or any field, how large or 
| how ſmall: ſoever, and of whatever ſhape or figure it 
be (excepting the cirele and oval) in order both to ſind 


the content, and form the plan of it. Such as are uſed 


for planning only are reſerved for the Fifth Part, as as 
properly belonging to it. 
The diameters of the chalk and 901 are what only 


need to be meaſured for finding their contents. Theſe 


are figures that don t come every day in a Surveyors way. 
I ſhall now conclude this Firſt Part, by ſhowing how 
you may find the diameter of the earth, which, ſuppo- 
ſing it to be a true globe, is all that is neccliary. to find 
the content of its whole ſurface. 

This may be done ſeveral ways. Vou may take the 
following two rules; and in the uſe of both, obſerve, 
that the angles ſhould be taken to a quarter of a mi- 
nute, or more exactly, if poſſible. 

The ſun's meridian altitude is the angle of his greateſt 
elevation any day at noon, or the height of his centre 
above the horizon, when he comes to che meridian of 
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the earth's diameter. 


5 11 5 TITLE * E 
FG | p R O0 B. : 2 | 8 nb 1 a 
10 find the diameter of the earth. Þ 


Find the Atte of Bat very 1 hill near bas 


| fea (by Prob. XV. or XVIII.) above the level of the 
| ſhore, with the greateſt exactneſs. > up to the top of 
the hill, and there, as exactly as poſlible, take the angle 


formed by the altitude and a tangent to the ſurface of 


'the ſea, or the angle of depreſſion of the ſea below the 
hill. Then, as radius to the altitude, fo is the tangent 


of the angle of depreſſion to a 4 term, which you 
may call the baſe: add the ſquares of the baſe and al. 


titude, and extract the ſquare root of the ſum; to this 
root add the baſe, che ſum is the tangent to the ſea. 


Divide the fquare of the tangent by the altitude, and 
from the quotient ſubtra& the altitude, the FOR | i 


| E X A MPL E. ; 
Let the altitude of the hill be 15 40 yards, or 7 
P and the 1 of — 882 48”. 
As radius bo. _ 
'To the chai = 7 29 * - L. 0.845098 
80 is T < of dep. = 889 48 L. 11.678878 


"To the baſe = 334% N IL. 233970 
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©” eB 175 
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111689, 4 = Square of the baſe, 
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Square of che alt. 


Square root 334.3 
The Baſe 33 VVV—n’i 
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63822,65 
7, oo = Altitude. 


Diameter = 63815,65 in Furlongs. 


86 3 8 I 5.6 5 
| Farth' er < 797 6, 9 5 in Engliſh miles. 


'Thus the diameter is found 2 TJ miles. - 


RULE: II. 


Four or five days befote the Summer (or Winter) 
ſolſtice, take the ſun's meridian altitude, and obſerve ſome 
conſpicuous mark at a diſtance in a right line with thc 
ſhadow of a long pole ſet perpendicular in the place 
where you obſerve: meaſure a horizontal line to that 
mark, and produce it, proving it every day at noon, till 
you come to the ſame time after the ſolſtice: then take 
' the meridian altitude again. Multiply the miles meaſured 
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THEN : 2 field is a che Und meaſur 
next work is, to find its content in the meaſu 
| uſed in the country where it lies, which with us: 
Acres, Roods, Poles or Falls &c. 'This content is 4 
called the Area, or Superficial Content. 
Every area is a certain number of ſquares of | 
long meaſures uſed in taking the dimenſions, as ſqu 
links, ſquare yards &c. as in the following tables. 
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TABLE I. 


ENGLISH LoNG MEASURE, 
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NAIR many: 2 
| | Yards. | 
7.92 | — SIE 
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TABLE II. 
ScoTs LonG MREASURE. 


TABLE III. 


ENGLISH SQUARE MEASURE. 


TABLE: 10. 


scors aig ane 


PR OB. A 
To reduce ſquare links to acres, roods, poles &c. 
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Point off five decimal places, the integer will bet 
number of acres: multiply the decimals by 4, and po 
off five places from the product, the integer will be 
number of roods; multiply the decimals by 40, 2 
point off the ſame number of decimals from the p 
duct, the integer expreſſes the poles or falls, and the 
cimals may be placed after them for the anfwer, itt 
ing ſeldom neceſſary to come to yards or ells: but 
the value of the ground, or any other reaſon require 
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muldply the ecimal 3 * by 30, 2 5,and po in 
* the er of a fall by 3 6, iP polio 8. 


for ells. If there are not e * up that num- 
ber by cyphers. 


EXAMP LE FORD, 
How many acres &c. in 3672480 * links? 
A. 36 72480 
+: 
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| . 5 40 | | 
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B X AMP LE II. es 
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Divide them by their number in an acre, for the acres; 
divide the remainder by their. number in a rood, for 
roods; and the remainder by their number in a pole 

or fall, for poles or falls: the er is the 
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Having baſe and akirude, 0 0 ſind the content of 


+: > RD L E. 
Mulüply the one by half of, the . 
PRO B. VII 
Having baſe and altitude of a po or rhon 
| boides, to find the a.. 
NI * 
Multiply them together. | 
1 ſuppoſe here, examples a Ta needleſs, t 
explain theſe four Problems. Remember 
however to reduce the areas by Prob. I. or 1! 
as you lee 1 in the following Problems. 
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5 PROB. vn. „ 
| Having the rwo-paralle s and tas: line 
find the coment of a raped. | 
5 RULE. 1 
BE Muliply half the ſum of the parallel ſides by d 
altitude. „ 
3 EXAMPLE. 1 
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is HY PRIOR, ſide ee 
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To find the contents of 
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As two equal perpendiculars 
xr off-ſet a rectangle, whereof the right lined diſtance 


the baſe; and two unequal perpendiculars together, a 


rapezoid, whereof the diſtance is the altitude 
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7 rſt are > peach) all found m 
ſme way as the firſt five. The work of 


reſt is omitted, becauſe you may obſerve 
it is ſo caly, that the ſeveral products may 
be ſet down off-hand, without any hazard 


ple, three rectangles, and twelve tra- 
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8. The proportion of the circle to the cireumſeris 
ing ** has been the occaſion of the following fan. 
ciful queſtion being ſometimes propoſed, with which | 
ſhall conclude what I have to he hr in ny 8 
e h e 4 
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'A landed man two n had, 

And both were very fair: 

He gave to each a piece of land, 
One round, the other ſquare: 

At twenty pounds an acre juſt, 
— piece its value had; © 

The fhillings that encompaſs each 

The price exactly paid. 


If croſs the ſhilling be an inch, | 
| And it is very near: | * ; e ee | 2 
How much above the circle * 5 


The exceſs of the ſquare? ok 5 627 
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To work this queſtion Divide ith times the num 
ber of ſquare inches in an acre by the number of fhil 
_ ings in the price: the quotient is the ſide of the ſqu⸗ 
and diameter of the circle required. See the work. 
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I proceed now to the parts of the Circle, which are 

the Sector, Segment and Annulus. The area of any 
ſector an aliquot part of the whole circle is found. by 
dividing the whole area by the meaſure of that part; 
35 2 for the ſemicircle, 4 for the quadrant, 6 for 
WE the ſextant, 8 for the octant &c. but as it is not al- 
vays diſcoverable at firſt ſight, without taking the angle, 
what part of the whole, any ſector that is to be mea- 
lured may be, you may take the following rules for find- 
no che content of any ſeftor whatſoever. 
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\ If it be a right line, provide ſal; with a Gul 
cient number of ſtakes 3 or 4 feet long, and ſharpened 
at one end: meafure the line by Prob. I. II. or III. of Mc 
Part I. and as you go on, drive a ſtake i into the ground 
at the end of every two chains, one, or half a chan, 
ſo as they may be all viſible in one right line all the ren 
way, over the riſing and thro' the hollow ground, i der: 
there be any; drive à ſtake at each of che ends, and you 


or oval, take a ſharp iron ſtake, and with it make a nt ſau 

in the ground at the end of the radii as you ſex 
ny e en the centre or foci. 
PRO B. 3 

Thro a given point, to run a a right line real to 

2 given * as. - 

i | 

Set a pole in the point, if not eien conſpics 

ous; ſtake the line as above, and produce it both ways 

if need be: obſerve what angle is formed at any of the 

ſtakes with the line and a right line to the point: then 
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at the point make the fame angle with the fame right 


line, and produce the line that forms this laſt angle as 


far as needful both ways. This being the ſame with 


the 3 1. of 1. of Evcl ip, needs no example. The 
angle is made by turning the diameter to one pole 
and the index, upon the meaſure, to the other. 
Bo) Wo Rag 

To prepare. the content, when there are off ſer upon 
the baſe, or given ſides. 
RULE 

If the right hand ſum is N ſubersc the diffe- 
rence from the given content, and lay out the remain- 
ſr: if leaſt, add &c. Examples will follow. 

N Fi „ 

To lay out any quantity of ground berate, in a 


ſquare. 
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R U LE. 

Extract the ſquare root of the propoſed area (reduced 
by Prob. I.) Meaſure a right line (by Prob. II.) equal 
o this root: raiſe a perpendicular from each end, equal 
0 it, and join the tops of * e all * 
nd you have done. 
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g 7 acres, 2 roods, and 32,76 poles? 
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Upon a given baſe, to make a reftangle of any wn 

tent N 5 Divi 
% RD LE at t 

Divide the content by the baſe, from ak end ra 


perpendicu lar equal to the quotient; and join their tos |; 
a right line, which muſt be equal to the baſe. El 
_ EXAMPLE I 

Let it be required to lay out 1 acre, 1 rood, and 
1,4 poles, in a rectangle whoſe baſe is 7 40 links? 
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To make a rectangle of any required content, whoſe 

eth is any multiple of its breadth. : 

T4 DU Lo | 

dude the area by the meaſure of the mulüple, and - I 

at the ſquare root of the quotient, this root is the 

adh: chen make the rectangle by laſt Problem. a | 
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P ROB. VI. 


Upon A given baſe, to make a triangle of any 
tent propoſed, _ 


RULE. | 
Divide the area by half the baſe; from any ll | 
of it, raiſe a perpendicular equal to the quotient; 
nenen, 
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Let it be required to lay out 2 
les in a triangle, whoſe baſe 
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Pr ROB. IK. ; 
Upon a given MY to make a rhombus of py 0 
* leſs than the ſquare of i it. 1 


. R U LB 
Divide the content by the baſe, and ſquare . 6 

tient: ſubtract this ſquare from the ſquare of the b 
and extract the ſquare root of the remainder: lay o 
| from one end of the baſe, a meaſure equal to this ro: 
and at the end of i it, raiſe a perpendicular equal to tf 
quotient: join the top of this perpendicular and the e 
of the baſe, from which you meaſured: this joining li 
muſt be equal to the baſe: thro the top of the perpe 
dicular, run a parallel to the baſe, equal to it; joint 
end of the parallel and the other end of the baſe 
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EXAMPLE. 


"i 3 acres, 3 roods, 3 3,34. poles, be laid out in 
| 2 diamond figure, whoſe baſe is 7 20 links? 
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PROB. X 
© Upon a given baſe, t tq make a chomboides of ary 


| propoſed content. 
R UL E. 


Divide the area by the baſe; at any point of it rai 
a perpendicular equal to the quotient; ; join the top of 
it and one end of the baſe; the ſame top, run 2 
right line parallel and equal to * baſe; join the end 
ee other end of the baſe. | 


EXAMPLE. 
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P R 0 B. XI. 

1 one parallel ſide and the nlinade, to > make a 

| e of any content. 
RULE. 5 

Divide the area by half tha als; and from the 

quotient ſubtra& the given fide; from any point of it 

raiſe a perpendicular equal to the altitude; thro the top 

of this, run a parallel to the ſide, equal to the remain 

der: in the two ends of the parallel * 

ſide. al 
EXAMP L E. 

lay out 5 acres, 2 roods, 16 poles, in a trapezoid 

whoſe altitude is 8 4.0 links, and one parallel ſide 6 48! 
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Note, If the two parallel ſides ſhould be given, the 

altitude would be found by dyiding the area 1 8 half of 
nm. 

PROB. XIL Ut" 

To make a trapezium of any propoſed content, hay. YT 

ing one lide, or a a baſs given. | 1.8 
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pPRO B. XIII. 7 - 

'To make an irregular figure of any required con- 5 J 

tent, confined on ſeveral ſides by marches, or otherwiſe. 1M 

S Bk 7" he: os | | 4. 

_ Medline a piece of the ground that you think may not 

be much above or much below the propoſed content: 
find its content: if above, lay out the excels, in any fi- 

gure that is moſt convenient, by any of the foregoin 8 

Problems, towards the inſide: if below, lay out the 86 

mainder, towards the outſide: - by this means you will | 4 

take from it, or add to it, as much as will leave, or make 

up the content that is required to be laid out. 14 

| I ſuppoſe any example here needleſs. | if 

By theſe Problems any content propoſed may be laid + 1 

out in any of the figures commonly found, or commonly © | Wl 
required in open ground; any piece of ground may be 3" 

exchanged for another, equal, or leſs, or greater, in any | Wir 
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done with other figures. 
P ROB. XIV. 
To lay out any quantity of l in a circle 
RULE. 


Divide the area by 78 5398, and extract the „ 


root of the quotient for the , the middle -_ 


of which is the centre. 
| EXAMP L E. 


What length of a line will trace out a circle of 10 
acres content: 
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TESTS | 


PROB. XV. 1 
To find the circuference of a circle of a gen 
Content. | 
R UI. E. 
Divide the content by ,079577, and extract the 
eee 


EXAMPLE 


What is the price of -: acres 3 ground, at 
be rate of as many ſhillings ee des "EY 


round it, ſuppoſing it a true circle? | 
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. PR OB. XVI. 
To make a og. an > ee part of the EY 0 
. content. "Fx | 
R UA. E. 
Divide 3609 o0' by the meaſure of the part, th 


the ſame meaſure, the product is. the area of the circle 
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| E X AMP L E. 
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| the citcle. © - 
The fi afthe unt nod 10 be ist 
Hit ford: be required to make a ſector, that is, 


ia) fraction, as 3 of a circle; for example, —_—_ 
and for the radius, multiply the area by 4, and 
merator, and divide the product by the denominator for 
denominator, and divide the product uf the numerator 


for the area of the whole circle. 
| PRO B. XVII. 
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duct "7 7285398. Add this laſt product to the area 
M '2. 


15 ROO 2 = 450000 hos fake 8 


360 O0 by 3. hot divide the product by 4 for the 
nide by g Sce. Or, nnultiply 3 60 00” by dhe nu- 
the angle, and multiply the area of the ſector by the 


Having the inſide diameter, to make an annulus, or 


Muldpy the inſide diameter by itſelf, and ths pro- 
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of the hs, the dum is the Ae the N circle: fg 
the radius by Prob. n 
ſide circumference. 
EXAMPLE. 
L 21991, 2 ſquare links: be laid out in an x 
nulus, whoſe inſide diameter is 90 links? See Prob 
XXVI. of Part II. 
pP ROUR MM 
Having the ſide, to make a regular . 
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Find the angle at the centre by dividing 3600 09 
by the number of ſides: then, as ſine of half the ay} 
at the centre, to ſine of 9 0® oO, ſo is half the ſd 
to the radius of the circumſcribing circle. Draw the ci 
cumference of a circle with this radius, and as man 
chords equal to the given ſide as the ane and 
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with a ſide of 48 pag 


Hal 
Side 48 Number of * 5036 02.00] 1 
ke 6 e 5 2)72 00 
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Any regular polygon having no more than 1 2 ſidet 
may be deſcribed, and the area of it found by the fol- 
lowing Tables, thus; multiply the fide by the number 
anſwering its name in Table I. the product is the . 
dius: multiply the ſquare of the ſide by the tabula 
number for its name in Table II. and the product 1s 
the area. The multipliers in Table I. are found by this 
Problem, and theſe in Table II. by Prob. XXVIIL of 
Fart U. hppolng the ſide 1, 
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9, 7071 I, Tetragon 
0, 8 507 1, 720475 l Pentagon 
BA 2,598 | Hexagon 
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ths more W 2 by the following. 
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Divide 3 60 oo by the number of ſides, and ſub- 
tract the quotient from 18 0%, the remainder is the angle 
of the polygon. Meaſure out a right line equal to the 
ſide, make this angle with another ſide at the end of 


the firſt, do the ſame with the third ſide at the end of 
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a Ellipfis is is a -eurve-lined es, formed by the | 


motion of two right lines, the ſum, of which is evcry 
where the ſame, and their ends fixed in two points of 
a given right line, equal to the ſum of the two moving 
neee „ 
Theſe two moving lines continually vary the meaſure 


of each, as their poſition varies, and the. angle they form 


een like a cord or meaſuring line, the 
two ends of which are fixed in two points at ſame di 


tance one from the other, and the line ſo ſtretched out 


upon the ground with a pin or ſtake, which marks out 
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the two ends of it in a kn t, ſo as the cord thus doubled 

may be exactly equal to one half of the aforeſaid ſum, Ml |., 

above the knot: fix a pin in each focus; lay the cord 2 


about the two pins, cloſe upon the ſurface where the 
ellipſis ſhould be made, and there keeping it, ſtretch and 
draw it quite round with another pin in the doubling, 
from one end of the diameter to the other, and about 
again, on the other ſide, to the firſt end: 8 
1 AFH or FDH. 1 | 
RULE N 3 
. + IF the/ellipis be very fnall, it may be deſcribed on 
paper, thus; fix one foot of the compaſſes in one focus; 
with an extent greater than half the difference of the 
. OoNS arch | 
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diameter and laſt extent, interſect theſe arches; with one 
foot in the firſt focus, and an extent greater than the 
firſt extent, cut arches as before; interſect theſe, from the 
other focus, with the reſt of the meaſure of the diame- | 
ter; go on thus, till you come to have the extents equal; 

then do the ſame with the ſecond focus, as you did with 
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per is with the inſtrument called the elliptical compaſſes 


but the laſt Rule may be applied when it cannot be 
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PROB. XXL. 


RULE. 


Pin e of tl he ring id! ſubtract 


the ſquare of half the ſhort one, and extract the ſquare 
root of the remainder, this root is the focal diſtance: 


han apply laſt Problem. 
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een roor of the remainder, it is half the ſhort dia 
meter: multiply the two diameters together, and the pro- 
duct by 585398. If the ſhort diameter be given; to 
the ſquare of its half, add the ſquare of the focal di: 
tance, and extract the ſquare root of the ſum, it is half 
the long diameter ; then multiply &c. as before. 
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pſis, by adding the area of the ljipfis to that of the 
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In the fame n manner may be found multipliers 4d 4 
lors for reducing any other land meaſures; if you bring 
them to the terms in which both meaſures that are to be 
reduced Wee, and then divide the leaſt by the greateſt 


* 
+ 
£ 
gs 
— 


1 
B44 
"F & 
$3 

* {i 

4 q 

{Ml 
I x I 

& 
1 
54 
43 

— 
1 


—— R—— 


7 * 
3 
* 


* 3 ” 
* * ——— K ˙ m 7⏑̃ . oo os 


% * 
„ 4 + . 8 I * ; 
FER wt F 1 $77 F : 


DIVISION. 


TNDER this ade 1 propc "Ty to give only ſuch rules, 
| for dividing any piece of ground in any ratio, or 
15 proportion required, as can be eaſily and ſurely applied 
in real practice, and the truth of them proven, without 
having any recourſe to the meaſures of a plan: but tak- 
ing all the meaſures upon the ground that is to be d. 
vided; and repreſenting the figure of it by a good ehe 
draught, or rough sketeh, as directed by Prob. XXV. of 
Part I. which is no farther uſeful, but for this very pu- 
poſe, to prevent miſtaking one line for another, and 
ſhewing the ſituation of the ſeveral parts; as in finding 
the contents of ſurveys by the' graphometer Kc. = 
| All the dividing lines are to be ſtaked, as in laying 
out ground, for . is wid laying out the ſeveral 
parts. 

When there are off. ſets upon any of the ſides, their 
contents are to be diſpoſed of by the two n 
Problenty, with which I ſhall begin. 

| PROB. I. 


How to diſpoſe of the off-ſets * che ſides tha | 
are not to be divided. 


88 R UL k. 


eee Ge, the Tang ef thei gs. 
ents muſt be ſubtracted from the ſhare that is to ly next 
them; if all within, it; muſt be added: if ſome are with- - 
out, and ſome within, the difference muſt. be added or 


ſubtracted, as the ſum of the inſide or outſide off. ſets is 
* 
| ÞP1 R 0 1 oY : 


How, to. > il of the allen upon the ſds choc 
are to * divided. | RY 


Ty R U L E. * 
** r en 3 
tion to the area of the right-lined part of the field, upon 
the right · lined ſide or ſides. Do with the off. ſets from 


cels upon the dividing line, or diſtance, of the marked 
ſides, in a triangle, rectangle, or trapezoid; the inner- 


dviding lime: if it is leſs, lay out the difference as above 
towards the end of the ſide. Proceed, i in the ſame man- 


PART. W. DIVISION. 1 


the beginning to the firſt, marks, as directed above: if 
the ſhare thus ſound is the true firſt ſhare of the whole 
feld, draw the dividing line through the marks to the 8 
boundary on both ſides: if it is greater, lay out the e- 


ends, as a baſe, towards the beginning of the ſide or 5 


moſt ſide of which produced to the boundary is the true 


ner, with the off. ſets betwixt the firſt true dividing line 
and the ſecond marks; betwixt the ſecond true dividing 


50 1 
AD; 


E 
———gz—— 4 rg _ 


am rr „ra $2 rot 
* 4 * 2 * 
— At, [x " 


F3 

A . 
1 
1 

1 

z 

1 
3 v 
1 P 
7 * 
1 - 
n 
© = 

: 

= 
1 ; 

1 
1 0 
. 7 
0 

. : 
þ 4 8 
— * 
£ - 

4 
1 

f 


F | 
h 
il 
; 


1 
— 4} args A , ²˙ eas EES * 
r — 
_ — —  — 


lets, which the ire ddt ne ta 
ie Hare, or take from Wb) od thn 
9 21 AF + 05%: 5 1 1 K 0 . 1. e le 


* 


hy 
* 


F 
e A. * 


wy e 1 ty 
As the ſum of the ratibs, to the whole meaſure, fo 


* - 5 2 = 


a 


is the ſum of the two firſt; three firſt Kt. 
. Theſe Problems being only preparatory to 5 fel. 
where Examples of them ill tiuſt'be 


* 0 — 2 4 e . 4 — 
r r ee * 


lar point and p 


4 * 1 24 % 


— ———_ 


r 


n mme. 


44 ** * 
ma» 


i 
5 
2 
4 
CY 
* 
93 % 
Pl 


2650 S Difference. 


* 


ad 


* 


308 „ 

8 3.0 i 
33 of AB. 
$21 3200 


ma 5 2-6-8 


57 $2300 
2000 


| I 0400 on BE. 
15750 


WOES 


ds 1b . 0 


— 


r R-uA_yEAITO IG 77-ARA KCA= 


— — ons 


* 


oy 


PR 


Wd 3 4 
£ 5 = * 


y N N 
4 


\ 


45 „ — — — 
* 
2 „ « " 2 | 
1 * I, : , <4 : 
b : * + * : : « 
* 


Rightlined area = 4.3 6800 . Share = 145600 
Diff. of Off-ſets = - : $65Þ. _ 


o 
* 


f 3 
x = 4 3 f 


— * * 
© 1 
* 


1 * Y © as 8 
3 2 1 „ * 
d 2 . Y 4h 8 


Share of che whole: - © Ef 4 = 1 OM 
inn = 13050 
Firſt ſhare of right-lined part = 1 33433 
Second ſhare of right-lined part = 146483 
Sum of firſt 2 ſhares 279916 
Right-lined area E e 436800 
Third ſhare of rightlined per — 7 $6884, 


- 2 


1 
| 
v6 
5 
Ss 7 
+! 
| 
64 


3 6 eee 


. 


„ Shares. Parts of BC. 

Rl ea. BC. 133433: 51 3=1*Pan=B) 
436800 1680 97146483) 563 =29% ce 
1866884: 60430 eh 


4368 1680 my 


hs. va, c_ 
. # 6 * " PTC 
e * W 80 


#5 a. 
. * 85 * 
E* . 2 7 by „ a 4 > , . * wa * 1 
1 1 
ine * 0 7 9 5 


* CESS N=. 32 << Nr * * I; TIM 4 "44S. - —̃ — ů Cy 
Dex. . * - ne es — r r amo fac gs * . OT en ws. 1 
| DS © 02 IIS barn ů—³a — — 3 2 "A 
e " , 1 — 7 us wth. FY * 
2 . K * wh. . — — — — —  —— — ** a 4 AA * * — , . 1 BN 2 * ben * 
e 4 . 2 * W it ̃ —— — Rs — — * * 
„ er. FO r 
— 1 
Ll — 
« 1 
s b 
o 
„ i, Kos Cad mn * F 
2 * > . 
- 5 *. * 1 * * 
O * . Bbr- e - 4 1 "wy 
wal * L * e 455 ODE 
, * » g * : Ls 4 2 o 4 
# ; * * 
* * * 42 9 * _ ; 
: j { 
— — 5 = | . | 
K wn? by * : 7 ps * 5 F 
* 0 s. my ” 
% * 7 * 
4 — - 4 * > x 
1% . £ . 
J , 4 
A — 1 
N * * * 
1 = N ” 
* * 1 
f G 1 
P 7 
2 . * * 
5 4 ” : * * 
1 4 ? . * * 4 b 7 
: Oo 
8 | « h * by * 5 
Qs „ * E Kc 
" ” 
ke _ : 5 8 ts —4 6 5 
* my 1 * 1 1 * * 
8 a o 4 7 « a 1 Met : I 
* 1 5 * * * OY 7 d 
1 oy * 4 N 
\ * $ * by e 7 * "Ry 
I 5 1 = / 2 3 6 a J - ns * N 6 ' ; 
2 * # _ ; ; ow -< — ; 90 Vi w #7 ka * 9 4 25 
© ; A O | ; i 3 l a a. 1 
N . J 6 * 4 — . 
— 4 * 1 * 7 * 8 5 PY 2 
5 . ed 7 * % * « , [ 
; a t 6 * 17 . 8 
wy Ty — FE aha > $ of. 7 7 ; * 
* 4 + I 
2 4 * f 4 * Wh NL 1 
Z 6 - 8 g Z : x 
*B Nh by 4 — 
— 5 — 1 4 " i 
; 4 q 8 ei — N * 
f yi 00 go = If | 
2 n «L WA . 
; es | J 
g O00 oe + loo AN]. | = OO en 1 
; Ks . ow — e — bo 5 *** a e a * Md , 
4 a 
, 00 1 O00 ww wo ; | x+{ © w a 1x 1 VO 
eue wo 1 5 N 2 N „ 8 G * N 
va, SQ Nj + XZ . c 
1 2 KR + 0 ; 7 — | a 2 "Ie 
— 8 35 - <+| + No — 

, * 0 . 5, % Phang a 2Y $ Q Ge 
* 3 8 — 6 — 00 f hr — An 54.58 * O 
; — % * F k 7 . = 

y 7 £ * * 4 $ 
— 5 4 — » $f, a 4 =] &Q - 4 3 
4, * 4 3 hay F f 
£ * Foe 9 £ 1 26 vs 8 * "> _— 1 * : # 
I : « 1 * * 4 
* 1 * 5 a f 4 #6; * mY N44 | Fg 3 , 3 
= br us "ON 5 2 * * %* 3 G4 
* 4 4 * Y 1 * 1 * J C 
* » * * 4 * 
9.5 Vs , . 3 of 5 * a) 
* 9 . ow. a 8 I +. 1.45 £ p 
: YE — WE 2 k 7 
0 , bes 2 F 3 5M - . 
4 2 Ros + * * 7 89 * * F wh. , 
. 155 5 5 Þ . * ‚ e 5 
git . 8 5 8 — FM 7 ro 
3 * * P I _ ; 2 
: _ 2 — „ _ a * > „ % 4 er N 
. * 1 « 4 
; . ; q . | » 
4 2 ” BY + 7 5 q 4 - * N * * ; « Is * 
r — + 4 7 * as 2 5 $94 7 N 4 3 " 
- 4 R * z 3 4 A { 4 
» FEA * r 1 it; * £ 7 as wm” n, * * 4 
459 4 > ls. * 9 * F Ay &. * — 
« 7 . * 3 * 
5 "W Los 5 * Gia "© "2s : i 
TY + 5 OA * — 3 * # 2 Rs "RY 4 4 h F . by 
3 d „ a wad ; ons: , 77 RT” 8 1 
: # ** . : : « * 0 wn? 2 1 3 1 W * T 1 * 5 
"Ip — GY > Bol Eon... 9 UIeY * . * Va * * 4 * * 
75 i * 5 W 3 22 " 8 * #+ + X# 
4 en Pp £ & 1 * S 1 1 k * 8 a *% 
5 Ta 8 #4 : * Þ Nn 4 2 a FAG * * 4 - 1 
= < J 8 a = oo 5 b ; 
"Be; * Ez 4 * 


* — Sd ö 
— —— — ——ßůñůñ.ð —mTDe—— — — tow * 
* . , * r 8 i 


Dad line for eie 1 a gare is Ab. 
Dividing line for I © due ſhare is Ad, for 24 Ae. 


and conſequently the firſt ſhare: of the triangle exc 


Ada equal to it is laid out upon the baſe Ag, The 


Rn Wipialn Aug 
fame altitude are to one another as their baſes. 


Here you e che firſt three Problems exem 
plified. The differenge of the off. ſets upon AB is ſub 
tracted from the ſhate, becauſe the out- ſide ſum is greate 


one third of the right-lined part: and becauſe the f 
ſhare falls ſhort by the off-ſet triangle abc, the nan 


reſt of the work ſeems to need no explanation. | 
See Plate III. for the rough draught of this field 
The proof of the rule appears by the 1. of EucL1D's 


EXAMPLE 
Let it be required to divide the {tiangle ABC, con 
re 


* 7 ? 
N : 
4 2 
| 5 Fo 7 
* > 1 
a a | V 
4 - © 2 
.- - CY 
* 2 


nes... * 


* 
* - * yy 5 
E 4 
s * * bo 5M 
4 ©. - * 3 & Pw — . 
* 
4 1 7 * A bp 1 
5 2 \ 8 
” Wig 4 ; 8 \ q » 5 1 2 * Sy 
*— 4 \ ST l 
F : * 1 1 „ 1 * 23 * 1 i p 
3 A 4 FT g < at ” I N 
' 9 : 5 0 „ * e Ul A 
8 1 * ; — % 3 4: 
a 3 1 . 
. 1 £ % 1 628," * 
4 N * * „ . l * 
{ N . I * 7 7 
a 44 0 be + "bs r F 
7 + * : 
1 is 
22 
% * 8 
4 "Ia * 
1 
Ed -» 
. * ON 
6 WY * 
bats 0. * 54 
1 „ 8 
4 Fg 
A D 
1 * 
* L F ** 
: % 2 * 
* . 
* 
* = 
43- 
na F. \ 
1 
* 
4 
' 
1 5 
& . 
» T 
*- C 
* 43 
5 4 
8 * ** 
„ 
* 
N 2 * 
5 % =P 
we. 
; * ” 
* * 
- 
a; 1 * 
1 - 
P 5 
* » &. 
_ & 
ET £4 
Fa < : 2 
„ Lp 
** 
th. 
* 
E 
. — 
d £ 8 
5 $ 4 
583 . 
* 
C 
1 4 
vv * 
„ 
i; : » 
* 
2 
KS: 
Aa 
* 
. 
: ; > hs Mr e 
| r PLE TICS ROM 3 , * 
0 * 4 by $2.43 ' " Ks a 4 ; 
5 9 wy - Cp We 3 PO 1 N * 
, * i ; | 8 {4 . + . . 2 * _ N N 7 * . 
: 39 «3 46 nah: 2 me l Pho 5 5 
i * * * 
. 
$ 
x * + fu * 
| N 84 be . * % 
| « . * * Ra * : 
* . bp r 3 As 2 . * 
4 4% 3 1 : * 4 
. r r 3323 
Be # & * 
r * 322 
”% bh "oy * ? % 3 
0 . * * « 1 
CY ES . 
r 1 
5 4 * 8 5 bong - 3 ud 
7 . <a * » 
. IS N - 
* 2 * £ 5 8 2 
4 —_ > * 
8 * * on J . 5 4» 
os NE 5 * 
8 68", * K N 
1 * RF - 
OM * — - * A 4 MD : » 
7 Py x 0 . a % 
N * AA 5 
2 2 
. W WE SG EEE SS SS 5 
Is 4 5 08 ö 5 
g N N $o-ogt val „ „ 2 
x b 1 hay, "0 1 
| 8 r „ 8 N 
e 38 4G 5 
* x 5 3g . 32 
1 13 .* 2 W # 
3 
i de: 1 en OE 4 
aj : : P Q 
7 % 


KL Wer be; Pp = 
, 1 * 8 Pa 2 . 

I; — ; iz þ Wy. on 8 Eos 
*% TY bot 7 2 4 2 , +» * * ES 25A : 


* ” * 
: Le” Tay - ; 
a> ; . 4 X I 5 1 
1 4 Wes 
( . « = 8 xt Y 3 be. * » 
3 
* 7 8 * * £ 
* 8 . V * e * a \ 
4 A ; 


* 5 r 
1 . - 36 < 
8 2} "i vw 1 — ROTO * 
* + 4 2 . 
# © te. dS. 
* + e * 
; : F F. 7 E 
** 5 
8 F 
0 * Vs 
* F 
x 
« þ 
3 ; 
* * 
1 
* * * * 
* * — WU * 
* 7 


* 


xl 
EU © by oe 


3 ” o m 25 N I N Tre... 
. 5 
* 5 - a a ö F * 5 8 * 8 * f F 
1 . , 2 * "as * 


of 5 + 4, 8 PY T5, a, debt 5 the angle B 
to AC? See Plate IV. — I. 6 


Ho MAS 2 . : "Offs. | 


0 
0 
© \ 
4%. = 
1 

O 
O 
O 


Right igh ined area = 278400 
Sum of off-ſets = 36930 


— 


Whole area | + 315330 


8 Shares. 


A bo pes 


207 


208 | PART FE” OR 
54er 7288 ſo WEE 5 
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Dividing Lines 
For right-lined part 4B, and B, and CB. 
For the whole, gB, and bB, and VB. 


PROB. Y. 
To divide a triangle in any ratio, by right lines pa- 
fallel ro one ſide, and cutting the others. 
| K RULE. 
= the whole content, to the ſquare of the ſide to be 
dvided; Þ is the firſt ſhare, to the ſquare of the firſt 
part of chat ſide: and fo is the ſum of the firſt two 
ſhares, t6 the ſquare of the ſum of firſt two parts: and 
ſo is the ſum of the firſt three ſhares, to the ſquare of 
me ſum of firſt three parts &c. Extract the ſeveral roots, 
e. \udirat Kee. and lay off the meaſures 2 Do 
O 2 
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the ſame with the other ſide, and join the ends of 
theſe meaſures. Thus the right - lined part will be di- 
vided: then do with the Off-ſets as before. 

"EXAMPLE. 
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| 0,832 poles, be divided into 4 equal parts by right 
lines parallel to BC, and cutting AB and Ac? 


ler See Plate TV. Fig. II 


Lt Off-ſets. 
| | L. H. 

7400 
6200 
3600 
1.440 
2320 
1650 

4200 
1900 


7 — 


; 


Sum = 32710 

R. H. 

3600 

7800 

9200 
10600 
10400 

7800 


Sum = 49400 


„„ 4) 
49400 | Right-lined area = 911170(Share= 22779 
- 07% Diff. of Off. ſets = 16790 


Dif. = 26790 Whole area = 92796o(Share= 23159 
Diff. = 419 


DIVISION. — 
ri ure of right ind part = 207795 AB = 1300 


f 1300 
* Sum of firſt 2 ſhares = 455584 . 39 
| „ 3 
sum of firſt 3 ſid = = 683376 ABg = 1690009 
d R. 4 area. ABg. Shares. Parts ſquared. - 
3 . 227792: 422500 ” 
it 911170: 1690000 : : 455584 : 8450007 4. eq Joubled, . 
683376: 1 1267 590 . C tripled. 
] 227792 | 
05 e 
2050128 + | 
13667 52 
227792 
g1710)38496848000jo(432 coo(6go = Firſt part of AB to be laid 
e 36 off from A, 
364468 3 
1250625 
205004 625 
1822 34 
227708 
182234 
45474. 
8450091 = Sum of firſt 2 parts of AB, 
81 % 050 1 
181)350 269 | : | \ 
181 £ 338 126 = Sum of firſt 3. | s 
13829)16900 21)26 — Parts of AB. : 
| F ĩÜ SN e Ad. 
222575 = = of. 
4 174 = fB, 
224) 13100 38 


a ol = T9 


ÞA 1 . ; 
r ee  4yooe fi | 


911770: 1960000 : + 455584 : gBooo and 
KY: 683376 : 1470000 WM 
1 was ting 
227792 > the 
55 | sone 
1366752 1 8 Th 
2050 28 n 
ae 29 AB 
9111710)4464723200qjol4g0000 ge 
| 364468 | | 
820043 „ and 
490000(700 = ES: ; | 4 
Im 
1 = Ab. 
81 
= 189)1700 | i 1470000(1 21 2,5 
1701 33 
22) 47 
a _ 44 | opp 
1400 247) 0%0%/% 7 © Au, 
| 1312.5 . .” 268 290 = = ab. 
| 222,5 = = be. 
187,5 5900 187,5 (C. 


Inſtead of working as above for duo, of AC a 
well as for thoſe of AB, parallels might have been drawn 
to BC thro' the points d, ę and ,. But this method 

will be found not fo exact in the field, 


O 


| _ FEY 15 KONS . 
For the proof of the Rule, fee EucLID VI. 2. 
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ing wo ſides of a triangle and parallel to the third, cut 
the ſides proportionally: and that ſimilar triangles are to 
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PROB, IX. 
To divide a quadrangle f in avy ratio, by right lines 
| Joining two oppolite angles. 


Divide the diagonal in the propoſed ratio, and join 
the angular points and points of diviſion, 


To divide a Gents in any 855 by right lines 
cutting the oblique ſides; or Joining one or two oppo- 
ſite angles. 5 | . 

a r 

fall a upon the oppoſite ſide 
from. each of the obtuſe angles, if it is not right-angled: 
theſe will reſolve it into a re and 
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| divide them by Prob. VL MN Full Jahn Bhs es of 
diviſion on the perpendiculats: but if one triangle ly 


ing it, muſt be inverted. If the trapezoid is right-angled, 


you will have only one A TO od 


only one triangle. . 

II. If the divi ld fa noe If re He Nh 
the oppoſite angles, divide the rectangle by Prob. VI. and 
join the points of diviſian and the angular point or 
points. If ; it is required both to cut an oblique fide, 


and join an oppoſite angle, apply both parts of the rule. 
1 ſhall take an example of this laſt caſe, which may ſerve 


15 to cxplain the whole rule. CI 
EXAMPLE. 


Let the field, repreſented by the trapezoid ABCD, 
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be divided 3 into 5 We: pars, i= Ts, lines e the 
fide AC, and Joining the * D. 


cortrary to che other, the order of the ratios, in divid. 
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Thus the nn ade a are = polygons Cehcd, 
_ gefabDach, and eABDbaf, each of them one third 
N part of the trapezoid ABDC.. 


It is obvious, that the leading lens here given 


for dividing ground, are the IV. V. and VI. the VII 
and IX. are applications of the IV. as the VIII. is an 


the V. and the X. of all three together. It would be ea 
do add more Problems for dividing particular figura 
but ] ſhall rather chuſe to add one, for dividing * fields 
any common figure whatever, which can always be noch 
plied, and is in moſt caſes the eaſieſt, ſureſt and bur ; 
| methpd 1 in _ | 
'E PR OB. XI. „2 
To . 244 any irregular figure, in any ill ſ 
tio propoſed, without _ confined to any point 
line of it. 
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RULE. 


«will make the hare. cxaft: do the ſame for the ſecond 


ſhave, for the third Bcc much the fame way as with | 


| the off-ſers Bc. ng rg Fn and V. Pro- 
ma dir 
ars needleſs. 27871 


regular polygon, it * mn to Fong the fob 
bwiogiProblem. 


PR 0 B. XII. 
To find the centre of a circle upon the ground. 
R UL. E. 


Part III. at any point of the circumference, ſet up a 


nd of this chord; at this pole raiſe a perpendicular to 
e chord reaching to the. circumference, which will be 
other chord: from the end of this perpendicular, mea- 
ure a right line towards the firſt pole equal to the ra- 
ius, the end of this meaſure is the centre. For proof, 
ry if the ſame meaſure reaches to both the Poles: this 
jill ſhow: the truth of the work. 
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Maine odpvonat m Jour judgment, to the | 
firſt ſhare; then add to it. or cat off from it, as much 


Before lady Ae bp: the. Sid and 


Find the length. of the radius by Prob. XIV. of 


Whole; draw a chord from it, ind ſet another pole at the 
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1 Þ nv) a. 
i hat e hg) 
[doom CIs 2” RULE. 7 
Divide the meaſine of the dbeumfefene in bps 
= i heroes circumference, to 360% 00, 
| Do 8 each of the ſeveral parts, to the meaſure of the 
| angle of each ſector required, in degrees and decimal 
which may be reduced to minutes. Make theſe rg 
ar the centre; and draw the ſeveral" radi. 
det oft eee Nr, 
Let a circle, — 3 acres, be ddd i fs 
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tors, one. of 3.roods, one of 1 acre, and the third Ty. 
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The fourth terms in both theſe proportions are found 
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by raking the ſame parts of the ſecond terms as the thir 
is of the firſt; © 

This may be called an n oplicn of Prob. Iv. 


P a o B. XIV. 
To divide a circle i! in any ratio poem 


circumferences. 
| | R UL E. 


Find the parts of the radius 4 As the whole ares, 
to the ſquare of the whole radius, fo is the firſt ſhare 
to the ſquare of the firſt part, from the centre; and fo i; 
the ſam of the firſt two ſhares, to the ſquare of the fur 
of the firſt two parts &c. Lay off the meaſures thu 


found, upon the radius, and draw circumferences abou 


the centre, with the ſeveral emen, or * of thel 
meaſures. | 


80 \ N, * 
EXAMPLE. h ; 

Let a circle containing 1.2 acres, be divided, as a- 
N 25 — 
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w. Problem may be called: an epic of the Vi 


PROB. XE* 


To divide a regular polygon, in any ratio, by right 
lines from one ante, or one aeg to the oppoſite ang 
or fide, | 


L* Aa 5 
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un - '-» %b6& 

' Jolk al the angles with right lines oppoſite to the 

angle that is to be divided, or parallel to the ſide: di- 

ide each of theſe. lines, as. propoſed; and alſo the two 

ſides, or ſide oppoſite to the angle: join all the points of 
an ang VE point or points; and i it is done. 

"EXAMBLE-I/ mt aA * 

Ia a i heptagon, the fide of which 3 is 1 chain | 

be divided into 3 equal parts, by right lines from one 

of the + 8 to the — ſide, 
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Let a regular enneagon, the fide 100 e de dk. 
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The above decagon, or any other regular polygon, 
may be divided by right lines joining two oppoſite angles, 
A and F; if the number of ſides be even, in the fol- 
lowing manner, join BK, CI, DH, and EG: find their 
meaſures by calculation, much the ſame way as the join- 
ing lines of the heptagon and enneagon before: and join 
the points of diviſion-of BK and the angle A, and on 
EG and the angle F. 
The joining lines are found by Calculation to ha 
the meaſures on the ground. 
| OCR ERC. 
To Aide a regular polygon i in as ratio, * right 
lines parallel to the ſides, 
ee 

6 Biſect any two adjacent angles, and produce the bi- 

W ing —_ they vill cut one another in the centre: 


draw 3 We cee re radi 
x the ratio propoſed, by eie of Brob. hf; and join 
[the Points of n all rode. 


Car 
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feet. 52 „ 
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Hete it may be obſcrized, that the twa laſt Problems 
applications of the IV. V. and VI. Thus, by 

ke help 66 any field of any figure 
dane 3 or . may be ſeveral ways ** 
üded. 


— ns fully expat; 2-1 think, 
he whole of the land- meaſurers work, except the Plan- 
ing Part. Before I proceed io that, give me leave to 
* a fow cautions to.the Young Surveyor, or — 


1 begin any field work, cither Jenin. 
— — ave en 
n of the figure of the ground in your head: and 
x ae th Ge, lll ht can be doe here 
U W ee to Sw ao Pa 5 
nd uſe all the checks and proofs you can. 

III. Never overlook an error, becauſe it is ſwoall; for. 
nnn, 
I. r and all 
vod, chuſe the ſhorteſt and eaſieſt; but never prefer the 
lt RR ewes Be HTO, 
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NDR K this td e rec” 
%# the neceſſary and proper rules for making a fair - 
any field, farm &. after it is ſurveyed, and its con-. 
- tents found; of any. ground that is laid out, or divided; m 
and of the remarkable things, ſuch as towns, houſe, ai 
woods or planting, rivers, lakes or ponds, hills, rocks 
hollows, remains of antiquity &c. that may be ſeen within "F 
or near about the ground: and for doing the ſame, when wn 
che content is not required; but the plan or map only, 102 
as of a pariſh, county &c. expreſſing the true figure, ſ. * 
tuation, and proportion of the whole and all the pari- M on 
culars, fo as they may be eaſily diſtinguiſhed, their mag o 
nitudes eſtimated, and diſtances computed; but not oil. 
be meaſured for finding the contents. If it were pol the 
{ible to make a plan exact enough for this purpoſe, whid bh 


1 doubt very much, I don't know the leaſt neceſſity fo ud 
any fuch thing, nor any caſe. or advantage of any kind 


to be gained by it. I mean a plan made by the d. 
menſions taken in the field; and ſhall except a plan} f 
table draught, from a ſcale of 200 links in an inch e 
at leaſt, which may come pretty near to the true co, fe 
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tent: but I know no other exception. Neither is the 
Planning, which J propoſe to explain, deſigned for a land- 
ſkip or perſpective view: for I think a land- meaſurer is 
not obliged to be an architect and a painter, nor a coin- 


| pleat geographer neither; for it is not at of ann 
; doms &c. that I intend. | 


The inſtruments proper for mk may 0 ee 5 
l. Scale and Compaſſes. II. The Plain Table. 
III. The Sector. 1 need not ſpeak of Rulers, Perm Pas 
cis S ren 
I. The Scale an Compaſſes. A long deſcription of 
theſe inſtruments, or their uſe, ſhould ſeem needleſs to 
any one who has been taught Plain Trigonometry. I 
ſhall therefore only obſerve, that the ſcale moſt proper 
for planning is a Diagonal one, ſuch as that upon the 
common gunters, having one inch diagonally divided into 
100 equal parts, and half an inch divided the ſame way; 
which, if you pleaſe, you may call the Long Scale and 
the Short Scale. If the length be 20 or more inches, 
i will be the better. You ſhould have one pair of com- 
paſſes to extend the whole length of the ſcale, and ano» 
ther pair of ſmall ones, with fine op points, for mea- 
ſring or making angles. 
If the meaſures of the lines of a ura are © ben Gam 
e long ſcale, the plan is faid to be laid down from 
z ſcale of 109 in the inch; if from the ſhort Kale. it 
R 3 
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„ rr 
is Haid to be laid down from à ſcale of 2 50 In the 


* 
inch: if double the meaſures are taken from the long 0 
| ſeale, it is called a ſcale of 50 in the inch; if one third, 
it is called 300; one fifth, is 500 in the inch &,M v 
one fourth of the meaſures from the long ſcale, or one al 
half from the ſhort, is 400; one third from the ſhort Ml pc 
feale is 600 in the inch: © of the meaſures from the Ml to 
long ſcale is 1000 ; from the ſhort ſcale, 2000 in Ml i 
the inch &c. ſo that by ſuch a ſcale as this, you may WM ol 
| lay down the meaſures of almoſt any ee length © 
. pleaſe, 1 in proportion to one inch. = | BY 
HII. The Plain Table. This inſtrument is made af »! 
wood, of a reftangular form, having a ledge or frame, m1 
to keep a ſheet of paper cloſe and tight upon it: the 
frame goes off and on, as you have occaſion to take of Ml be 
or put on the paper: it is commonly graduated, that yo toc 
may meaſure an angle with it, when you have no otheriill £0! 
inſtrument at hand for that purpoſe. The table may b e 
made of three pieces, to be put together when you ul4 bac 
it, the frame helping to keep the ſeams cloſe, and i on 
be taken aſunder for convenience in carrying, It 1 
mounted upon a three-legged ſtaff &c. as the graphoJ fi! 
meter. The uſe of it is, to draw, upon the ſpot, a . ber 
milar figure, or firſt draught of the field which you ar dra 
ſurveying: for this purpoſe, you have an index with ] 
med 


high Gights, to ly upon the paper any way required, a 
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you ma have a ſcale upon it, or one ſide of the frame; 
or you may take a ſcale and compaſſes with you. a 

III. The Sector conſiſts of two equal legs, the ſame 
way divided with regard to one another, by ſeveral lines, 
all drawn from the ſame centre, which is the middle 
point of a joint about which the legs move. and open 
to any extent required: theſe lines are all drawn and di- 
rided the ſame way on each of the legs, ſo as to run 
out all of them in pairs, as two lines of lines, two of 
chords, two of tangents & c. Of all theſe lines, the only 
pair for our purpoſe here is that of the lines of chords, 
which, ö —— the leaſt, will ſerve, 
much more exactly than any other inſtrument common- 
ly uſed, for making or meaſuring angles. A ſector may 
be made for this uſe only, with each of the legs one 
foot long, having the lines of chords on one face, dia- 
zonally divided; and on the other a diagonal ſcale of 
the length of two feet, when the legs are laid quite 
back, and made to Join in one e piece, from 
one end to the other. 

Before I proceed to the particular rules for forming the 
firſt draught of a field or ſurvey, it may not be amiſs 
here, to diſtinguiſh the uſes of the eye-draught, rough 
draught, and this now mentioned firſt draught of a plan. 
The only uſe of the eye-draught is to direct the 
meaſures when you furvey by the chain only; and there 
| R 4 


rr 


niſhed plan-by it; and 


—_ * 4 RT v. 


fore very: Tad: exactneſs is required in it ww the line h 
all the ſame way as in ene * proportion to 


another is little regarded · 


The uſe of the een. 


funding 125 contents of ſurveys by the ü and 


ortion of che lines and angles to 
one — is loben an bb-obſeined;) as not to take x 
great one for a ſmaller, or a leſſer ſor a greater; but 


dhe exact meaſures of either are n not required. 


The uſe. of the firſt draught here, is to make the f. 
herefore the greateſt exactneß 

poſſible, i in every particular,-is abſolutely neceſſary: tho 
not ſo clean and beautiful, it muſt have all the truth 


” ah exactneſs that i is intended in the plan. 


ene 


To lay down a Ms: line of any end require, 
| by ine ſcale. | 


* * rg the 1 to aha * which you intend| 
to uſe for the plan: place one foot of the compaſſes in 


the point where the perpendicular of the hundreds in- 


terſects the parallel of the units, and extend till the other 
foot falls into the point where the diagonal from the 
tens interſeQs the ſame parallel: with" this extent ſweep i 


| faint arch from the point the line is to be drawn from, 
and draw a right line from this point to any point af 


the arch proper for your purpoſe. If the direction of the 


line is given, the arch is needleſs; as on Ws py wav 


or the firſt line pe oO ft 
1 lt EX AMP L. E. 


Half of 2 568 is 1284. Fix 0 one foot in "ey per- 
pendicular under 1 2 of the ſhort ſcale; where the 4d 
dall cuts it, and extend till the other foot falls into 
the point where the diagonal from 8 cuts that e 
and you have the extent required. 


hundreds to the tens upon the top line. 
PR OB: II. 
To find the meaſure of any right line in a plan, x. 
the ſcale. 


RULE. 


Take the extent of the line in the compaſſes: place 


one foot on the top line, at ſuch of the hundreds as will 


bring the other foot into the inch or half inch that is 


diagonally divided; move both the feet downward till 


one of them fall into the point where the diagonal from 


the neareſt ten cuts the ſame parallel where the other 
foot ſtands, and you have the hundreds, tens, and units 


required: then W = the ht e of the ſcale t to 


one inch. 


"= IS 


Spec ny links to be * down Los a ale 
of 400 in the ach. 


Il o be in the units place, take the extent from the 


. v / 
— E — A GTA EI ads in: 4 ty 
7 F ͤ . a oe i LF s — 7 
r r 5 Re 
= 5 


* jatar "opts 
eee . 
point of interſection of the diagonal from 8 and the 40 
parallel, when the other is in the interſection of the 1 200 
hundred and the fame parallel, upon the ſhort ſeale, and 
the ſcale of the plan 400 in the inch; the extent 
will be then 1 28 4, which doubled will n. the mea- 
fare of the line required 25 68 links. 
If the or ee gfe cabal ie wut be li 
down, or meaſured firſt one part, then another &c. but 
it is not eaſy, nor ſure work, to make any figure that 
hath- more than one of ſuch lines, and alen your 
 feale ſhould be a long one. F ate cl. 
- PN @S 
To make an angle nearly of any meaſure. required 
by the ſector. | 
FRULE 1. By one line of chords. 
| With the extent from the centre to 60 OO ſweep 
an arch, large enough to hold the meaſure, and cutting 
the line, from the angular point: then, if the meaſure 
zs not above 609, take the extent of it from the centre, 
and cut the arch, from the interſection of the line; if 
above 609, cut the arch with the extent of 609, and 
from this interſection, cut it again, with the extent of 
the reſt of the meaſure; if above 1 20, cut it twice with 
the extent of 609, and a third time with the reſt of thc 
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* g aſe take the odd tines an eur in 


a E x A M P L E. 
i it were required 
to make an angle of 
154% 25, with any 
given right line, as AB, 33 
ind at the point A. 8 * 
With the extent of r 
600 in the compaſſes #* 
and one foot in A, I e 
ſweep the arch DE: 
vith one foot in D, 
and the ſame extent, 1 *;. 
cut the arch in a and 
b: the laſt interſectioen 
lays off 1 2 00, with 8 of 
one foot in B, dad the 5 
extent of 3 4.® +51 
cut the arch again in 
C, then I draw the 2: "I | 


\s 


O 
O 
o , 


ncht u ACP whine t to Tt: | 
forms the angle re- 0 x 805 2 | 
A 


288 e J 

of! the ſector to any angle you pleaſe: with the 
extent from 6 O to 60, ſweep an arch as before: if 
the meaſure is not above 60, take the extent from the 


degrees &c. on one line to the ſame, on the other line, 


and with it cut the arch; if above 609, do as before 
with the extent from 60 to 609, and cut the arch 
again from the laſt interſection with the extent of the 
reſt of the meaſure taken on one line to the ſame on 
the other line: then draw a right line as above. 
RN : 
* it be required to make the above angle of 1 I 54 
25 by the two lines of chords. 
I open the ſector to any angle, and 8 it 6 1 
ſweep an arch as DE above. Upon this arch I lay off 
Da the extent from 6 0® on one line to 60 on the 
other, and the ſame from a to b; then I take the ex 
tent from 3 4 25 on one line, to 34? 25 on the 


other, lay it off from þ to C, and draw the right line | 


AF from the point A thro the ft interſe&tion at the 
ne C. 
: p R O B. wv. 
To meaſure any angle in a plan, by the ſer. 
8 N. 
I. If che ſides be long enough, ſweep an arch from 
the angular point, with the extent of the chord of 6 O 


to the interſection of the other ſide, and apply it to the 
inne of chords from the centre: the ſum of this laſt mea- - 
ſure, and one or twice 60, is the meaſure of the angle 
quired: but if not above 60, the diſtance of the in- 
terlections of the ſides, applied the ſame way, will give 


the meaſure required. 


II. Whatever the ſides be, with any extent you oli 
interſe& them from the angular point: open the ſector 
till this extent juſt reaches from 60? to 609 on the 
two lines, and keep it ſo: if the angle is above 609, 
with the ſame extent, cut the arch as before: take the 
diſtance from the laſt interſection to that of the other 
ſide in the compaſles, and apply it to both the lines, ſo 
35 both the feet may ſtand at the ſame number of de- 
grees &c. the ſum of theſe meaſures,  as' before, is the 
meaſure required: but if not above 6 0, apply the diſ- 
tance of the interſections of the ſides in the ſame man- 
ner to the two lines; the number of * Ges on 
them both is the meaſure. i 

b chin EXAMPLES. 
ere an arch, ſwept round an aches point with 
the « extent of the chord of 6 00 interſecting the two 
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on oe of the lines, interſecting them both: if the angle 
is more than 6 O, cut this arch once or twice from the 
point of bee ec of one ſide, with the ſame extent: 
take the diſtance from the laſt interſection of the arch 


PART/ 1 45 


ſides, coritains thar-extent, and 37 15 b 
che centre; e ofthe angle! vill be 
_w_ 150. $03 4 
. 
tent, and the diſtance of the interſections of the ſides to 
reach from 5 60 40“ on one line to 569 40 on the 
een eee ee ne & 

Suppoſe once more, the e e 
wich any extent, and the arch 10 contain that extcnt 
twice, and the extent from 24." 10 OS; that 
mw 9 1 0. 

PRO B. v. 


ve form, or make d. an raght er any s 
| RULE. 


Lay deen e fiat line ci e an Jas from 
| 25 to pole: put a mark at the end of each of the 
meafures ſet down in the field-book under L, in the ſame 
order as they ſtand there: from each of theſe marks raiſe 
perpendiculars equal to the meaſures under B, on both 
ſides, and mark the tops of them; but produce fuch as 
have meaſures ſtanding without, till they are equal to 
the ſum of both, and mark the end of the part withou, 
next to the line: draw a ſtrong prick d line with a ſteady 
hand, joining all theſe points which you have marked, 
along both ſides, and at both the ends; and you have done 


9 nne e 
e r 
ir „ 


BLaCk's rig, p. 5 5. from «ſeals of I 00 links in 4 
inch. dere cg | 


Lay down, by Prob. I. 1 ys 


300, 40 &c. from the firſt mark, raiſe a perpendicu- 
br to che line, equal-10: 4.2 to the right hand; from 
the ſecond mark, another the fame way, of 28, and 
one to the left of 1 6 ; from the third, one to the right 
of 24, and one to the left of 20; from the fourth 
mark, 17 t the right, and 27 to the left; from the 
ſeventh, 4.3 to the left; from the ninth mark, 4.2 to 
the left, but a point at the end of 6 next to the line; 
from the tenth, 56, but a point again at the end of 19 
from the line &c. Join all theſe points as you may ob. 
leave in the * write the name of the rig Ne. 
; PRO B. VI. 
To ale» ft aner. cn fag by the 
1 Ba. 


ch - 

1 "RULE. St OO 

to Told hag, abc 
ut, ly down. the ſeveral wiangles that make up the right- 
c bned part, joining them all in their proper places, as di- 
refed by the eye-draught, and let the ſeveral meaſures 
«bs SY £90 0.072009 bp 


e ee, the end of 100, 200, 260, 


E rr eee 


* 


7 — to ofe. "Take 


ly joined together, of large paper, Fs upon his 
down. the right-lined part from your. intended: ſeale; all 


paſſes: ſet ofthe of-ſet perpendiculars in their trueplac, 
as the breadths in laſt Problem, and draw the boundary 
thro their tops; let it be a ſtroag pricked line for open 
ounds, and a black line for incloſures: then 


all the remarkable things in their proper places: bot tube 


n the essere erb N 


: Y * x 2 { ; ; 3 ** * % * : 
ſcale.” . | 9 . FER! . 
3 be > 


n E X A M p L E. Wo 9 - So 

the a firſt dranght/of New-Mains 3 Pak; p. 60,b 
required, n a * of 400 an inch. 

: See Plate l. 

Half the 3 5 4 the ſides Ge. uben from the 


ort ſcale will be 400 in the inch. Make therefore 


a triangle, whoſe ſides are 838 = AB, 1030 = BC 


and 934=CA: this triangle will repreſent the right 


lined part of the Eaſter- Park. Mark the ends of the 
ſeveral meaſures ſet down in the middle column of the 
field-book, under Diſt. from A towards B, and from C| 
perpendiculars taken from the ſame ſcale, thoſe in 
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li bolit land coma (under off-ſets) tothe outſide, and thoſe 
* left hand column to the inſide: make repreſentati- 
ins of the things remarked in their true places, as direc- 
ed by the field-book: draw the boundary, as you ſee; 
Ind you have done with this part of the farm. After 
he ſame manner, make the triangle ACD, having CD 
e ſame with BC in the Eaſter Park, and the triangle 
\BC having AC common to it and ACD: do with the 
f-ſet perpendiculars, remarks and boundary, as before, 
Ind you have the Middle Park. Make the triangle AEB, 
aving AE the fame with AB in the Middle Park, the 
angle DBE having BE common to it and AEB, and 
he triangle CBD having BD common to it and DBE: 
o with the off-ſet perpendiculars &c. as before, and 
ou have the Weſter Park, and the whole farm * re- 
reſented. 
p R O B. VII. 
| To ſurvey from one ſtation, where all the corners 
an be ſeen, or lines to them found, and make the firſt 
taught of the eld, by the plain table. 
BY LE. 

Set the inſtrument, mounted and covered. with a ſheet, 
f clean paper, upon the ſtation: level it ſo as you can 
e all the poles or marks when you look over it, and 
en ſcrew faſt, Chuſe a point on the paper to repre- 
ent your ſtation, and ſo as you can contain the whole 


„ 


* - — rr 3 — 


| ner, meaſuring | one line from the table, and another t 
it again, and laying off theſe meaſures from the ſtatior 


muſt there be any off-ſets upon the boundary, whe 
you apply this Problem. When the field is large, it mi 


figure of the field upon it, from your intended ſcal 


lay the central edge of the index on the point, and keep 
Ang it there, turn the index about, till you ſee one pol 


thro the ſights; there draw a faint line from the poi 
by the edge of it: meaſure from the table to that pole 


and from the next pole to the table again; lay off th 


firſt meaſure from the ſtation- point upon the faint line 

turn the index, as before, to that next pole, draw anoffi 
ther faint line from the point by the edge, and 1 
this line lay off the ſecond meaſure. Proceed in this m: 


Point upon faint lines, drawn as before directed, till yo 
have all the lines from the ſtation to the ſeveral corne 
meaſured, and laid off upon the paper. Join the end 
of all theſe faint lines with right lines repreſenting th 
a xy ; and you have done. 


See an e in the following oe 


Note J. The Geld ey not be very bin neithe 


happen to be tedious; and when there are off-ſets, it 


impracticable. Another method is to be taken, whi 
-ſhall be ſhown: hereafter, when the bounding k lines : 


crooked. See Prob. X, 


1 n FLY —_—_ 


IKW 
E22 WAY FL 


Lat] | 
— 
pw | 


TE EIT ID en a gp ohne OC ones 
19 . 19 + 4 p £ F 


FRE 111 
Hu! 


= 

* 

* 
__— 


N 
d 
Da, 
* 
» RD 


% 
*S 
* — 
% 
— 
822 OD 
— 2 


% 

* 
——— 
2822 — 


* 


£1 - x 9 
N * 1 4 1 1 a; 
4 
Pp 8 7 
2 . 

* 0 b T: 

5 a * : 4 
4 1 . 8 

© 


eres 


— 
7 


2s —— — — — — 


— — 
— — ! ͤ —Eʃt 


7 - 
P 
_—— 


-—_—— 

_——— — — 
— — — 
=== _— _— C_— — 


— _— —— 


< 
Pons 
1 
— 
—— x 


-_ <_ 
„ 


KK ————ů — —— 
22 


— 
— 
— 
PS 


S 


* 


- — 222 


1 a 


—— 
ww 


1 == 


| P LANNIN G. 
een 


N 


of 
$4 * 
* — 
z 1 
aff 
; 


Note II. A Ach Feld may 1 he frond _ 4 
nuch after the ſame manner from two, chree, or more 
ations; if you take in the firſt ſtation with the corners, 
p which you meaſure from the ſecond, the ſecond with 
oſe you meaſure to from the third 8c. and then join 
ll the corners, as before: but ſtill there muſt be off- 
m m tha found. _ 

| r 

To mf the paper upon the plain table. 1 

: a. : 


R U L E. . 
' When any of the meaſured lines would run off d 
paper, lay off only a part of the meaſures that may co 
near to the edge of it; then take it off, and join andi 


ther ſheet to it, which laſt ſheet you muſt join, and puſſaki 


upon the table fo as the parts of the meaſures, laid of 
upon the firſt ſheet, may be produced to the full length 
This is ſometimes to be done often, and' ſeveral ſheet 
to be join d together, to contain the whole dravght, 
| „ P 6 
To "EO and make the firſt draught of any larg 
tract, as a pariſh or county, from ſeveral ſtations withir 
it, by the plain table, meaſuring only the diſtances o 
the ſtations from one another. 
: EVER 
Chuſe the ſtations at a conſiderable diſtance fron 


one another, and fo as not to' be in a right line wit 
any of the angles or corners, or marks you deſign to u. 


as ſuch. Having ſet the table at the firſt ſtation, leve 
it ſo as you can ſee the ſecond and all the viſible angle 


puer it, then ſcrew faſt. Direct the index, as in Prob. V 


to the ſecond ſtation, and all the angles, one after anc 

ther, and draw faint lines by the edge of it, as befor 
| Meaſure to the ſecond ſtation, and there direct the in 
dex, as before, to the firſt ſtation, and each of the ſam 
angles, drawing faint lines &c. theſe faint lines, th 
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rawn, will interſect one another in points repreſenting 
he ſeveral angles. Join all theſe: angular points, and 
dom ou have done with the firſt two ſtations. Do the ſame 
Sith the ſecond and third ſtations, as with the firſt two, 
Waking in two angles, near the third ſtation, and laid 
own at the ſecond, with the other angles which come 
view at the ſecond and third ſtations. Proceed after 
ctiIic ſame manner with the third and the fourth ſtation, 
ich the fourth and fifth &c. ſhifting paper as often 
it is neceſſary. See an example in Plate VI. 


Note I. When the caſe of two ſtations being in a 
Halit line with any angle, or one ſtation and two angles, 
unavoidable, you muſt meaſure from one of them to 
at angle, or betwixt the angle. 
Note II. By this Problem alſo you may 3 2 
all field without off-ſets, from two ſtations without 
; when it is not allowed to go into it, for ſtanding 
na, or any other reaſon. 

| PROB. 1 3 
To ſurvey and make the firſt draught of any field 
tract of ground n by the 180 table, going 
; und 1 it 


he in RULE, 
fan Place the table at one angle or corner, and meafire | 
th 


om another to this angle, taking the off-ſets, and noting 
S 3 ny 
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down the remarks all the way as you go on: when yo 
come to the table, level it to the angle. from whic 
you-came, and to the next on the other ſide of it, an 
ſcrew faſt; chuſe a point on the paper to repreſent th 
angle where you ſtand, and keeping the central edge o 
the index upon it, turn the ſights to the firſt angle, dra 
a faint line by the edge, and lay off the meaſured ſi 
upon it: then keeping the table faſt, and the index « 
the ſtation point, turn the ſights to the next angle, : 
draw another faint line as before: meaſure to that ne 
angle, and lay off the meaſure upon the faint line. 
this third angle, having levelled the table as before,! 
the index upon this laſt meaſured line, and keeping 
there, turn the table about on the head of the ſtaff, t 
the ſights are on the ſecond angle, then ſcrew faſt 
gain: keep the central edge on the end of the laſt m 
ſured line, which now repreſents your preſent ſtati 
and turn the ſights to the fourth angle; meaſure &c 

before, to the fourth angle. Go on in this way, 
you come about to the firſt angle. If your draught cl 
exactly there, all is right; but if not, there has been {c 
error either in meaſuring, or laying off the meaſures: 
find out which, the only ſure way is to prove all 
lines by meaſuring back again; as it has not been 

- covered till the work is done. But an error may be 
covered and corrected in the time of working by 
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lowia g Problem. See am example in the Eye-Draught, 
late VII. where you may obſerve, that the plain table is 
always e to itſelf at every one of the ſeveral ſtations, 
| PARLOR XL 
To prove the work of laſt problem in the time e of 
piking,”; 


RW R 6 LE. x 
At the firſt angle, where the table is ſet, if "you can 
de any remarkable thing, or ſet up a pole that will be 
iſible from every angle, draw a faint line towards it, 
s before directẽd; at the next angle do the ſame: theſe 
ines will interſect in a point of the draught repreſenting 
ts place.on the ground. At each of the other corners 
Pr angles do the ſame again. If all theſe lines interſect in 
the ſame point, you are right, and where- ever one of them 
alls, the laſt meaſured ſide is wrong, or laid off wrong. 
If the thing you obſerve inſtead of a pole be not as 
xatly diſtinguiſhable, as a tree, or ſtandin 0 ſtone; it 
better to ſet the pole. 
Note. By this and the X. Problem you may Gs 
or the content, meaſuring the neceſſary dimenſions, but 
et the ſcale be at leaſt 200 in the inch. 
PRO B. XII 

To ſurvey, * a plan only, from ſeveral ſtations, by 
e graphometer, meaſuring only the diſtances betwixt 
e ſtations, 


$4 
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Take all the angles formed, as on the 0 table out 


PART: 9,5 


NUR. 


draughts, by the right lines from the ſeveral ſtations tofſur 
the corners, obſerving the fame eaution in che choice offfor 


. your ations &c. 
Take ſuch an example as that of Prob. IX, 


8 Station M Eaſt from N. ; Station O. 
t ANN 1421 20 _|KON | 4 zoffffth 
BMN | 94 30 |] CON 132 18 
| CMN | 86 10 [ION | 69 10 
LVN | 31 15 | HON | 79 
KMN | 21 oo | DON [171 
| MN | 12000| EON [153 
Station N. ANM | 28 os ; HOP | 56 
| BNM | 29 50 EOP | 16 
NM | 67 30 FOP | 22 
LNM | 36 45 SPE |-93 
KNM [106 25 OP | 10000 
KNQ [167 55| sue. HPO | 50. 38 
LCNO-} 15 48]. EPO [144 160 
INO . | 88 55 FPO [118. 20 
HNO | 47 50 SPO | 9o oo. 
DNO | 5 28 . 
[ENO | 19 10 | 
NO 8000 Aa 
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The ſtations may be choſen either within or wich- 
iblefout, or at the angles. If they are all within, you may 
toſſarvey any tract of ground, how large ſoever; but it is 
: offfor the plan only: if without, the ſurvey is alſo for the 
| Fan only; but the field muſt not be large: if the ſta- 
tions are at the angles, the caſe is the ſame as in Prob. 
XXIX. of Part I. and the ſurvey may ſerve both for 
4 offfhe content and the plan. | | 
18 PR OB. XIII. 


101 To make the firſt * of oy ſurvey by the 
35| ene, 


10 | | R VU: L E. | 
zo Lay down the ſeveral meaſured lines with the angles, 
Is n their true places: join the ſeveral corner points, and 
draw the off-ſet perpendiculars, if any: then draw _ 
Soulcary, as in Prob. VI. 
EXAMPLE. 
Let Let the firſt draught of the Sheep Park p. 69. be re- 
quired from a ſcale of 3 00 in the inch. 


52 
30 
8. 
OO | 
7] | 
I 


to reduce them to your ſcale. 
Then lay down the firſt ſide AB (from the long 
8 tale) and at the point B make the angle ABC, with 
Ie ſecond ſide BO: at the point C make the angle BCD, 
Fvith the third fide CD &c. Set off the off. ſet perpen- 
iculars in their proper Faces, as directed by the field- 


20 


Firſt, Divide the ſeveral meaſures of the ſides by 3 5 5 


5 check lines. 
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282 AR 
book, and then draw the boundary. Take all che! mea- 
ſores from the 9 ſcale from which AB. was taken, 

— Rs n 
'P R OB. XIV. 
To prove the work of a Wu round 2 field, by 
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Meaſure from one angle to any 8 in che field; 
and betwixt theſe ſame angles in the draught of it: i 
theſe meaſures very near agree, it is very probable that 
all the work betwixt theſe angles both in the field and 
in the draught is right: bur if they differ any thing con 
ſiderably, examine both again, to find the error. I ſay 
very near, becauſe if there are any inequalities, or un 
eveneſſes, tho! not great, on the ground betwixt theſe 
angles, the check lines may differ a little, 'and yet the 
work may be right enough. I fay alſo, very probabl 
right, becauſe two equal errors may happen to balance 
done another; but this is not a very likely caſe. 
This Rule may be applied when you ſurvey by the 
plain table, and cannot uſe a proof pole, as well as s whe 
you. ſurvey by the graphometer. 

What is ſaid about the remarks in Prob. VI. ion re 
ferred to the field- book in p. 60, and 6 1, for New 
Mains Farm, is upon the ſuppoſition of their being ne: 


the lines you are meaſuring, and ſo as perpendiculars wa ma 
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be eaſily and ſurely ſet off to them: but want it is other- 
|| viſe, the following Problem is to be applied bor laying 
them down more exactly and eaſily. 
eee . 
'To lay down any remarkable rn as ny towns, 
turnings of a river &ec.-within the bounds of your ſurvey, 
or near at hand without, when you meaſure round about 
the ground, or when you run diagonals or check _ 
or when you ſurvey yy " nnn 
If any of the lines go Si 8 11 exattly the 
part of the line where it enters, and where it comes out 
again, in the field- book. But if not, chuſe- two ſtations 
upon the line, from whence you can ſee all the angles, 
turnings &c. that are viſible from that line, marking 
exactly the ſtations: there draw interſeQing lines, as in 
Prob. IX: to the ſeveral turnings &c. if you uſe the plain 
table; or take the angles formed by theſe lines, and the 
line you are upon, at the ſeveral ſtations, if you uſe the 
-graphometer. This may be done at the principal ſtati- 
ons, if they will ſerve the purpoſe as well. Theſe lines 
may be meaſured on the ground, when you uſe the 
chain only, which is as ſure a method as any other. Lay 
down all theſe meaſures of lines and ſu WI 
done in Pluto VIII. 


See ab the le in p. 69, and 29, 
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284 EEE 
ee eee 
To enlarge or diminiſh | a e in any ratio oe 
RUL ©”: : 
Meaſure a al the ſides, diagonals and off-ſet per- 


pendiculars, by the ſcale of the draught; ; reduce this ſcale I tak 
to the ſcale required as from 400 to 200 in the inch, Noi 


by doubling the meaſures; from 3 00 to 8 00, by mul- 
rplying by 3, and dividing by 8 &c. then make a new 


one by Prob. VI. anſwering to this ſcale required. Or, 


inſtead of meaſuring all theſe lines, you may meaſure 
only ſuch lines and angles as will determine the reſt, and 
proceed by Prob. XIII. | 
Other methods have been propoſed, but I know of 
none eaſier, nor ſo ſure. Upon trial, this method will be 
found preferable to thoſe commonly preſcribed by ſquares 
and rulers &c, whether the draught be large or ſmall. 
PR OB. XVII. 9 
'To finiſh a plan from the firſt draught. 
45 RAILS. | 
Be ſure that all the remarks deſigned * the plan 
be laid down diſtinaly and truly in the draught, and 
that every thing be exa& and compleat in it. Take pa- 


per of the ſame ſize with it, handſomely and neatly joined, 


if more ſheets than one: lay the draught upon it, faſten- 


cd ſo as it may not ſhift any way: then, With a needle, 
or ſtrong ſharp pin, prick thro all the corners, turnings 
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of the lines, angles &c. of the remarks, and ſeveral parts 

J. of the long right lines, ſo as when all theſe points are 
joined, you may have the true and compleat figure of 
the draught appearing on the paper that is below: but 
take care not to pierce them both. Take off the draught: 
join all the points, and make the new paper agree with 
- the other, in all particulars as far as the points direct 
Hou, with the help of the draught lying before you; ſo 
Ir, Jas it may be a fair and clean copy of the firſt draught, 
re Iꝛs far as that agrees with the figure and ſurface of the 
1d ground which the plan is intended to repreſent, with- 
out the letters, arches &c. which are only uſeful in the 
of Nconſtruction of the firſt draught. Then, upon any con- 
be Nvenient part, write the name, or general title, and the 
res proprietor's name and titles, the names of the ſeveral 
|. parts, and the tenants; alſo the contents, if required: 
ay down the ſcale of the plan, or refer to it by 
mentioning what ſcale you have uſed: make a ſmall fi- 

ure of the mariner's compaſs card, to ſhow the bearing 

lan Nor ſituation of the ground: write alſo the names of the 
nd (proprietors of the lands, and of theſe lands, that border 
pa- Ion your ground, in their proper places: and draw 
ed, Ii clean double line upon each of the four ſides of the 
en- Maper, incloſing the whole. You may alſo diſtinguiſh: the 
bounding and dividing lines with tranſparent colours, and 
Jolour the planting, houſes &c. ſo as they may be the 
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more eailycitioguilhed from the reſt: this will give the 
own a better look. - 
eee eee og Gp 
| e ale, on, if they are but fl, ſer, marks, ſuch pet 
as letters &c. for them, and let theſe marks be explain- vel 
eld in a 6 — convenient open part of the lig 
Paper. Do che ſame wich the ſmall towns, homeſteads to, 
roads, rivers &c. and if it is a large tract, belonging to I ur 
many proprietors, .do the ſame with the ſeveral lord- mz 
| ſhips, mannors. &c.- | an 
| 2 
ne inſtead of the double lines incloſing the whole, 
eme 
Jongitude or meridional diſtance at the top or bottom, 
- with ſeveral parallels to both a- croſs the map. For this 
purpoſe, the latitude ſhould be obſerved in ſeveral pla- 
ces, and the longitude calculated. But as the making o 
ſuch maps is the proper buſineſs of a Geographer, and not 
of a Land-meaſurer, I ſhall ſuppoſe the hint I have no 
given here ſufficient for my purpoſe : as I have all along 
| renden the finer 
I Theſerules then, I think, may ſerve for planning an 
| 3 and therefore I ſhall conclude this ff 
and Laſt part, with obſerving:.. _ 
X Aan nie be desen e 
drahs or af draught formed from a fl ook; the 
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he feſt is the moſt exact: in both there are two neceſſary 
or eſſential requiſites, the titles and ſcale: without both 
of which, the plan is good for nothing. Without the 


in-Nveral diviſions and things repreſented in it, it is unintel- 


heſſſlgible; and without the ſcale, either made or referred 


ds, I io, it is uſeleſs, becauſe there is no judging of the diſ- 
to unces and magnitudes. From what I have declared as 


rd-my opinion, before, of the connection betwixt contents 
and plans, and what I have juſt now ſaid of the neceſſity 


ole of the ſcale, I ſuppoſe it will not be expected, that 1 


ſhould give any rule for finding what ſcale was uſed for 
the plan, by having the contents and meaſuring &c. 


om, II. As for the uſe of the Mariner's compaſs in ſur- 


thisYrcying, I know of none, ſave only to take the angle form- 
ed by ſome one of the lines and the Meridian or North 
ind South line, that paſſes thro' any one of the angles, 
Jof which that line is one ſide, i in order to find the bear- 
ings or: ſituation of the ſeveral parts of the ground, with 
MY reſpe& to the meridian and one another: and as this can 
be done exactly enough for the purpoſe, by a ſmall pocket 


perpendicular in the angular point, forming an angle with 
the line, which angle may be meaſured by the grapho- 
neter; or even by afking the country people, who will 


alt wav ofths-whch) wa, and of the ſe - 
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compals, or by the ſhadow. of a pole, at mid-day ſet up 


th font out à meridian line, for the moſt part, as cn 


e reer 2 
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as the 1 in Gn ——— and 1 
ſhould think the formality of a Problem, Rule and Ex 
| ample, not only unneceſſary, as ſo little is required, o 
can be done, but alſo ready to miſlead ſome, by-mak 
ning them lay more ſtreſs upon the thing than it can bear 
| The meridian thus found may be drawn in its true place 
| in the firſt draught; in any convenient part of which, | 
|| _ Small figure of the compaſs card, with its North and Soutl 
nne parallel to it, may be made. This will ſerve all the 
i purpoſes intended, and is all the uſe of the ſea compaſs in 
 - meaſuring land. Having mentioned it in the laſt Rul: 
. and it being ſo far uſeful, as well as ornamental, I though 
fit might be proper to ſay ſomething about it. But i 
any man will uſe it in taking the neceſſary dimenſion 
either for the contents or for the plan, it muſt be thought 
that he has little regard for exaQneſs, or that he know: 
no better. Bad as the Theodolite is, this is yet woe,“ 
That may be amended, but this is incorrigible. 
And now, for a concluſion to the whole, give me 
"Wi to obſerve, that the beſt method of ſurveying fo 
n the contents is by Prob. XXVII. of Part I. that yo 
/ ſhould never take angles if you can poſſibly do withou 
EV them: and when you muſt uſe a graduated inſtrumen 
never truſt the work, without proving it by check line 
This method of Surveying is likewiſe better for. a pla 
| if the ground is not large, than uſing the graphometer 


A <6 
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and diagonals that are not meaſured, and make the firſt 
draught by Prob. VI. of Part V. when you have been 
obliged to take the an les, if you would have your 
draught exact. The beſt method of ſurveying for a Plan, 
In my humble opinion, is by the plain table, when it 
Kean be uſed; but when the ground is large, and the 
plain table cannot be uſed, then you muſt uſe a gra- 
duated inſtrument, to ſave the trouble of meaſuring every 
line by the chain, and alſo to do the-work when the 
chain cannot be uſed for every line, which is very fre- 
quently the caſe... A good graduated inſtrument, there- 


planning; becauſe all the lines, that cannot be meaſured, 
OW! quicker than by lines only, but never can be ſurer. In 


cy part of a Land-meaſurer's work, lines are more to 
be truſted than angles. 


Fa PLANNING. - af 
and in this caſe I would adviſe to WOE. + all the ſides 


fore, is abſolusely neceſſary in ſurveying, tho not in 


can be calculated. Working by lines and angles may be 
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to give proper directions to any able workman, for mak 


obſervations and directions for that purpoſe, immediate) 
but which, if well underſtood, may contribute ſomething 
intended for the ſame uſe. 


be well enough explained in the beginning of the Fir 


ten expoſed to the hazard of breaking, which will Hane 
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1.48% INSTRUMENTS FOR THE LAND- * 
MEASURER'S sk Oh al 

Won of 


Jr» is very proper, abba EET Be Bey * 
Land- meaſurer to know ſo much of the making or 


conſtructing his inſtruments, eſpecially of the graduated of 


Kind, as may enable him, not only to judge of their uſe 
and goodneſs, or accuracy of the workmanſhip, but alc 


ing or mending them, when neceſlary, and even to put 
toa helping hand himſelf; I ſhall therefore here offer ſom 


'regarding thoſe only that are recommended in this boo 


towards the conſtruction of other en chat ar 


ys © 


I ſhall ſuppoſe the inſtruments for ing Unis 
Part, and ſhall only obſerve concerning the Chain. WW: n 
I. The links, or ſtraight pieces of wire, ſhould be and 

| af them exactly of the ſame length; the wire ſhould b 
ſoft, that it may bend any way eaſily, and not be o 


unavoidable, if it is hard: the rings ſhould alſo be af ei 
equal, but the wire of them hard, as well as the hook 
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a of the links to which they are joined, that they 
- Ml nay not eaſily draw out and be loſt upon the ground: 
all the wire ſhould be of the ſame thickneſs; about 
of an inch; which I think is ſufficient for ſtrength, and 


7 I it will be the eaſier carried about, and drawn along. 
or II. Inſtead of the large rings, commonly uſed at each 
ell of the ends, and making the firſt and laſt link, with a | 


z of an inch thick, hooked to the wire about the middle, 
| ind harpened at one end for ſticking into the ground: 


Wand make the meaſure of the line uncertain, by a ſmall 


inW:oain exactly to the fame wideneſs as at firſt, which is 
not ſo eaſily done; and if they are very hard, they will 
be very apt to break: but the ſpikes are liable to none 
Wot gh inconveniencies. 

he graduated inſtruments, for meaſuring TY require 
e particular explanation, for the diameter piece, or 
ndius, and the limb or broad arch upon which the di- 
riding lines are drawn and numbered: the index and 
fulcrurn &c. ſhould need very little explanation to any 


| hd goodneſs may be tried. 
The index ſhould be conſiderably 9 at the 
2 


ſhort piece of wire joined to them, I would recommend 
iron ſpikes, about 6 inches long, or a little longer, and 


bor theſe rings, if they are not very hard, will draw out 


odds in every chain's length, if you do not bend them 


and-meaſurer: I ſhall only obſerve concerning —_ | 
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centre, and of a thickneſs ſufficient: to 5 it 5 cloſe, 
and ſlide eaſily upon the limb, not turning up edpe-wiſe, 
or bending backwards: its central edge, or fiducial line, 
ſhould be a true ſtraight line, from the very middle of the ic 
centre hole: the centre pin ſhould be exactly round, jut il 
filling the hole of the index: and the ſights ſhould bebe 
ſet truly perpendicular with the very middle of the flits tor 
above the central edge or fiducial line; dar 


upon it; its head, ball and ſocket, ſcrews and legs, ſnould be 


in the time of uſing the inſtrument in the field. 


of needleſs weight; this may be prevented by croſ ber 
binding the diameter piece and limb together, and giving 
the whole a ſufficient ſtrength: theſe bars may be fixed 

in the following manner, for the graphometer. 
Let one bar join the middle of the limb and dia 
meter piece; let another be fixed to this, at right angle 


the limb and diameter piece; ſo as the whole face of 
Inſtrument may be truly level. To theſe bars, a circu 


The fulcrum or three-legged ſtaff ſhould be of ſtrength Ie 
ſufficient to bear the weight of the inſtrument mounted 


all exactly fitted together, that it may not ſhake or trembl. 


If the inſtrument itſelf be all one ſolid piece; whe 
ther of wood or braſs, or both, it will have a great deal 


and to the limb on cach fide; let the middle of thei 
joining be about + of the radius from the centre; an 
let their faces, or upper ſides, be exactly in the . 0 


l 29 
plate of braſs may be nailed, having a ſocket fixed 

Mio it, to receive the neck of the ball in the head of the 
fulcrum, the middle of the plate upon the middle * the 
jining of the bars. 
When the inſtrument is of l and the limb to 
be covered with a braſs face, for the more exact gradua- 
ton, the upper part of the limb, and of the ends of the 
dameter piece, muſt be cut down to the thickneſs of 
he braſs plate; that the whole face of the inſtrument 
may be in the ſame plain; and the limb need not be 
þ thick as the reſt. But the wood muſt be choſen ſuch 
s will not eaſily caſt or warp; and the ſeveral pieces, 
of which the limb is made and the reſt, muſt all be 
he ined together in the beſt manner to prevent, as much 
(cal poſſible, that accident, which bs ſo common to almoſt 
arg kinds of wood. 

A graduated inſtrument may be made with; a larger | 
xed leſs radius, and the graduation may be more or leſs 
m4. It is needleſs. to inquire, 2nd perhaps not eaſy to 
ktermine, what improvements have been made this way: 
les it ſeerns to be probable, that thoſe. formerly uſed 
theiere not ſo exact as the inſtruments uſed within theſe 
ani! x 00; years: tho ſome of the improvements of this 
n one, I fear, muſt be owned to have been made the 
f thckward way, ſuch as ſhortening the radius &c. 
cull The firſt, or primary, graduation of al inſtruments 
© Y 


" 


5 
2 


dia 


Vvenience attends it. This may be conſidered, and at the 
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is by right lines drawn from the centre, dividing the limb at 
into a certain number den e e. which number is 


n. 
greater or leſs in to the radius of the inſtru-·¶ ſo 
ment; the greater this 3 is, the more exact the inſtrument; af 


the larger the radius, therefore, the better, if no incon- 


"<s 9 © 


fame time we may ſee what degree of exactneſs can be in 
attained by primary diviſions, which probably was the] th 
only kind of graduation uſed formerly, and is that ſup} tai 
—_ for ſmall inſtruments in the Introduction. the 
Let us now thre graphometer of 40 inches r: 
4 It is poſſible, upon a braſs limb, to draw lines 


for the primary diviſions, to every two minutes; the by 
would be at the equal diſtance of , of an inch fron the 
one another; and the inſtrument might be reckoned iq or 
lerably good, were it not for theſe inconvenieacies. 1. N cd 
would require a conſiderable breadth of a limb, to hal ven 
toom for the ſeveral arches, at a proper 4 diſtance, ani ſha 
for figures to diſtinguiſh the larger diviſions from iii 
leſſer, and theſe from one another; r thicknekalf {MY wo 

the ſtrength neceſſary for ſuch a bulk; the breadth ar deg 


thickneſs of the diameter and bars ſhould be alſo pr per 
would make it a very heavy inſtrument. 2. The gr 1 
quantity of wood and metal, ſuppoſing only a braſs fa ind 


Anu * 255 
b ad it, would make it very dear. 3. It would 
not be a very eaſy matter to make ſo great a number of 
ſuch ſmall diviſions exact enough to be truſted, ſo that, 
after all, it would not be a very ſure. inſtrument. 4. Its 
great bulk and weight, with a proportional fulcrum &c. 
would make it very unwieldy, and almoſt unmanageable 
in the field, and conſequently uſeleſs. Great exactneſs, 
therefore, is not attainable by primary diviſions. A cer- 
tain number of them is abſolutely neceſſary, but ſome o- 
ther kind of diviſions, muſt alſo be contrived, or little ex- 
actneſs expected: theſe may be called Secondary Diviſions. 

Graduation by ſecondary diviſions is of two kinds, viz. 
by Diagonal Lines, and by a Nonius. By either of which, 
the inſtrument may be made with a radius of 1 8 inches, 
or even a little leſs, more exact than the above ſuppo- 
ſed one of 40 inche „ and liable to none of its incon- 
reniencies, but light, cheap, and eaſily manageable. 1 
ſhall here explain only the ſemicircular graphometer. 

I. Let it be required to have a graphometer made of 
o 1] wood, with a braſs face, the radins: I 18 inches, and every 
degree divided into minutes by diagonal lines. The pro- 
prper directions to the workman, who is ſuppoſed to un- 
Wo cerſtand the buſineſs, may be ſuch as theſe. 

0 Make the diameter piece and bars 1 4 inch broad, 
fa ind chick, the wooden limb 13 broad, and. - thick, 
Wand the braſs face ;'- thick; let the braſs K wil po- 

3 
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liſhed, and the whole face ſmooth and level r. and the 
Frame, as it may be called, is finiſhed. 

Draw one arch, from the centre, quite round hen 
the limb, and ncar the outſide of it, eleven more within 
this, all at the diſtance of „, of an inch from the firſt, 
and from one another; ; cite two more cloſe to the in- 
ner edge, and to one another. a 

Divide the firſt arch into 18 Hal parts, ada "ON 
the dividing lines towards the centre, from the points of 


diviſion on the firſt or outermoſt arch to the 1 3; theſe I ar 
lines mark out every 1 © degrees: divide the ſpaces be- nif 
twixt them on the firſt arch, each into two equal parts, = 
draw the dividing lines as before, but only half-way from th: 
che 12® to the 13" arch; theſe lines mark out every ha 
degrees: divide each of theſe ſpaces as before, i _ 4 the 
equal parts, the dividing lines reaching from the 1* wlll ca 
the 1 2 arch; theſe lines mark out every ſingle ks on 
and thus you will have all the lines drawn that are ne 
ceſſary for the Primary Diviſions. ' Now for the Seco: be 
dary or Diagonal Diviſions. if 1 
Divide the firſt degree into * vr parts, marking ma 

the points of diviſion on the 1* and 11 arches; theſqſ of 
points are for every 10 minutes: draw a diagonal fron giv. 
the beginning of 1 degree, on the 1 1 arch, to thq par 

| firſt point on the 1* arch; from the firſt point on th cul 
11 to the ſecond on the 15; from the ſecond on the ſtil 


—— ——2—äł — ——— wt. > - 


APPENDIE., 2957 
ef + 1>t6 the chird on the 15 Kc. e Met line from the 
third point on the 1 1, towards the centre, and half-way 
ni tother 75 arch; We out the half degree, or 3 0 
n © minutes. Do the ſame with every degree all round. The 
t, nterleclon of the firſt diagonal, and 1 och arch, marks 
- Jout 1 minute; that of the firſt diagonal, and 9 arch, 
2 minutes; of the ſame diagonal, and 8 arch, 3 mk 
nutes &c. Set the figures 10, 20, 30 &c. upon, or a- 
croſs the longeſt dividing lines, between the two wideſt 
arches, making 17 © the laſt. Now the graduation is fi- 
niſhed, and the inſtrument ready for mounting and uſing. 
That every minute may be eaſily diſtinguiſhed, by 
the above graduation, will not be doubted by any who 
have ſeen a plain ſcale, ſuch as on the common gunters: 
the diviſions are the ſame as on the half- inch diagonal 
ſcale, and the lines may be drawn much finer and truer 
on braſs, than on wood, © 
If the radius be much leſs than 18 be it vil 
be much more difficult to diſtinguiſh the minutes, and 
if under 1 1 inches almoſt impoſſible: , of an inch 
may be diſtinguiſhed by the naked eye, or with the help 
eſe of a ſmall magnifying glaſs; a radius of 1 13 inches will 
Jive that diviſion by diagonals; but I am afraid a ſmaller 
MW part cannot be diſtinguiſhed; not to mention the diffi- 
JW culty of making ſuch ſmall diviſions refer = which 
al {till . as the radius | is ſhortened, | 


| * divided into 1 


Annen 
U. Let a graphometer be made of 1 5 inches 
inutes by a Nonius. The breadth 
| and thickneſs of diameter, limb and bars, may be the fame 
as the laſt; and alſo the braſs face to be put on in the 
fame manner; but let it be of an inch thick; and let 
the middle half · inch of its breadth be hollowed or grooved 
to one half of its thickneſs, the ſides of this groove per- 
pendicular, and the bottom all equal and ſmooth, and 
continued thro the diameter piece at the end where the 
graduation is to begin: thus you will have two limbs, 
one on each ſide of the groove. | 
Draw two arches, from the centre, cloſe to one ano- 
* and to the outſide of the outward limb, and two 
more, the ſame way, on the inſide of the innermoſt: 
theſe may be called bounding arches. Draw two more 
_ arches on each limb, 5 of an inch from the edge of 
he groove, and from one another. 

Draw the lines for the primary diviſions on each limb 
| thoſe for 1 0's. reaching from the edge of the groove 
to the neareſt bounding arch, for 5's. within r of it, 
and for the degrees from the ſame edge to the ſecond 
arch from it. Divide every degree into 4 equal parts, the 
dividing lines, on each limb, reaching from the edge 0 
the groove to the neareſt arch. Make 4 degrees more 0 
the limbs produced. This is all the graduation of the 
limbs. Set the figures 10, 20 &c. as before. on 


— 
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"Heiden be made 1 wo an inch longer, fem 
ae centre, chan the longeſt radius, with a cock at the 
end, to make it flide cloſe upon the limbs, and to keep 
e it faſt where · ever it is neceſſary. Let it have a ſmall plate 
of braſs, projecting from the central edge, of the exact 
d breadth of the groove, and made to fill it up cloſe, as 
J the index moves round; its face being well poliſhed, and 
4 fiding in the plain of the two limbs; its length exactly 
e that of 4 degrees in the groove. Divide its face into 15 
equal parts, by right lines from the centre quite a-croſs 
it, diſtinguiſhing the 5® and 1 oth from the edge of the 
index. Theſe are the ſecondary diviſions. This plate is 
the Nonius: and the graduation is finiſhed, - 

If you move the index from the diameter to the 4 
degree, the end of the Nonius will coincide with the dia- 
meter, for its length is exactly 4 degrees: move it a little 
farther, till its fitſt dividing line coincides with the neareſt 
dividing line on both limbs, and the central edge, or be- 
ginning of the Nonius, will cut off an angle as much a- 
it, bove 4 degrees, as is the difference betwixt one divifion 
25 it and one of the ſmalleſt diviſions of the limbs, viz. 

, or s of a degree: this angle, therefore, will 
4 4 degrees and 1 minute. If you move the index a 
little farther, till the ſecond dividing line of the Nonius 
caincide with the next dividing line of the limbs, the 
angle will now be as much above 4 degrees, as is twice | 
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the above Agence that is 4. degrees OY 2 minutes. i 
When the edge of the index comes to the. firſt ſmall I u 
| diviſion of the limbs above 4 degrees, the end, or 1 5. N 
diviſion of the Nonius will coincide with the firſt ſmall di- 1 
viſion of the limbs, and the angle will be 4% 1.5", and Ib 
fo for any other. So that, by adding the degrees and tt 
quarters upon the limbs, neareſt the central edge of the | 
index, to the minutes pointed out by the'dividing line of vi 
the Nonius that coincides with any dividing line of the In 
limbs, you will have the meaſure ol the angle cut ar vic 
by the inden. lin 
I have propoſed the groove aint: two > limbs, 0 for nit 
the greater exactneſs; and that the coinciding of three lin 
pretty long lines may be obſerved the more diſtinctly: 
but the whole limb may be only 1 inch broad, with- an. 
out a.groove; the braſs face may be thinner; the. inner 
half. inch only may be graduated, and the Nonius, of - 
inch broad, may be made to ſlide upon the limb whh- 
out the graduated part, having its face ſloped inwards, 
that the dividing lines: may the better coincide. I have 
| alſo propoſed the index to be made to reach beyond the 
limb, only that the cock may have a greater force; but (| 
it may be made to reach only as far as the ſhorteſt ra- {ru 
dius, and be joined, by two arms, to a plate of braſs, 
without the limb, an inch broad, a right line thro the 
middle of which may be the fiducial line produced, its 
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inner half may be the Nonius, and the cock may be put 
upon the back of the outer half; and you may have a 
Nonius on each ſide of the fiducial line, if you pleaſe. 
In this laſt caſe, the index may be either of wood or 
braſs; and the limb need not m or e 
thro the diameter. 

The rule for proportioning the Nonius to * 4 
Alone of one degree, on the limb, is this: Divide the 
number of equal parts, into which the degree is to be di- 
vided, by the number of diviſions in one degree, on the 
WM limb; the quotient is the number of diviſions of the No- | 
r nius; and one more is the number of the diviſions of the 
e mb, to which the length of the Nonius'muſt be equal. 
7: Thus, if one degree is primarily divided into 5 parts, 
h- and a Nonius be required to give ſecondary diviſions to 
er Nevery half minute; divide 1 20 by 5, the quotient 24 


„s che number of the diviſions of the Nonius; and 2.5 
h- diviſions of the limb, or 5 degrees, is the exact length 


of it: for . f $25. 322 888 425 of one 
eee, or one half minute &c; the ſame oy be done 
for 2. 4 &c, of a degree. 
This is perhaps, the only * ba which an in- 


ſrrument yo 6 inches radius can be amended. - - 


ra- | 
af, | Theſe inſtruments are, either of them, Ss than 
the che common theodolite, and much more exact; but an 


inſtrument may be made ſtill lighter, and more exact: 
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this a Givaller graphometer, with the addition 1 5 
moving radius, or fliding degree, or half dere; and br 
hall be next ephindd. th 
III. Let a graphonieter be made of 9 invihes vitius m 
divided into minutes by a fliding degree. Make the whole I mi 
of the inſtrument of good wood, * the equal thick 
neſs of g of an inch; the diameter piece and bars 13 
auch bread, aud che mb 1 inche thats ib ne ed of 
any braſs, except a round Plate for the N if you 
Oo See Plate IX. . 
— dither Bi che fiſt — 105 he 
en and the ſecond may be ey ſtemkz draw twc 
more cloſe to the inſide, and to one another. Draw the 
lines for the primary diviſions to every degree: the 1 0's 
from the firſt arch to the third;-the 5's. from the fir 
thro the ſecond, and half-way to the third, and the deFſÞocl 
grees from the firſt to the ſecond arch. Set the num fr 
bering figures at every two degrees; the 10's. _ „ nea 
| n and the reſt ſmaller. 

Let a kind of wooden groove be wats, to move 
has the centre, upon the limb, with the index in it 
he length of which, from the centre, may be 215 in 
_; and the groove may be made as follows. 

Make two pieees of g ood wood, each 20 inches long 
4 deep, and £ broad; theſe will be the ſides of th 
groove: Faſtciy thee at one end, to a thin plate of braſion 
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8 und at the other, , to a ſquare piece of wood, having a 
brass plate funk into it, which may be 1 Tai long; 
theſe are o bottoms: the firſt is to go on the centre, 
y may be 3 inches long, having the centre Hole in the 
el middle of the firſt 2, part of which may be rounded, 
ind the ſides fixed to the 34; the breadth of the bot- 
toms, within the ſides; muſt be exactly that of the in- 
dex at the fartheſt end, and the ſpace of 1 degree, upon 
the limb, produced upon the ſtink plate: there muſt be 
another bottom; made to flide round the limb, of the 
fame thickneſs with it, and 14 inch long, having a braſs 
cock, to keep the groove Nliding cloſe upon the limb, and 
to ſtop it where-ever you pleaſe. Let three ſmall barids, 
or croſs: bars, bind the ſides together, each 2 inch in 
breadrh, and of a thicknek nearly equal to what the thick- 
neſs of the index wants of the depth of the ſides; the 
firſt near the end of the thin braſs bottom, the ſecond 
ear the inher fide of the limb, and the third near the 
end bottom: theſe Will ſtrengthen the groove, arid _ 
e tbe index from riſing up. 
\ lll Let the index be itade of braſs, having the du 
in Neal live in the iiddle of it, and a ſquare hole cut thro” 
Mi, where it moves upon the diviſions of the limb, orie 
half f tins hole on each ſide of that line, which muſt 
* drawn. n 150 end — over the divi- 
ak Let th i 


8 
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theſt- end be broader than. the reſt; and let a little x more 
| than the 21* inch have one half. af in eld cut ou 
| with ſloping edges, that the diviſions on the braſs plate 
may. be more plainly obſerved, and. that the fiducial line 
may become a central edge there. Fit it now on the in 
ſtrument: produce one dividing line by the edge, thi 
back lying cloſe to one {ide ; ee by brig 
ing the edge to it. 85 Inc 
Divide this ka 3 upon.. hy plats, as 0 
reſted i in p. 296 and 297. This i is the ſliding deſſſo 
h gree:, and the inſtrument is now ready to be mounted 
The ſliding degree may be firſt made and produced fo 
che graduation of the limb, by moving the groovy 
round &c. It may alſo be divided by a Nonius. 
If you bring the groove, ſliding on the limb, wi 
the back of the index cloſe to one fide, till the fiduci 
line, in the ſquare hole, coincides with the dividing lin 
on the limb, that is neareſt above the meaſure of th 
angle required, and keeping it faſt there, move the i 
dex on the braſs plate, till the central edge coincide 
wich the line that forms the angle; you will have t 
number of minutes above the next loweſt degree, : 
the whole meaſure of the angle, as exactly as if the di: 
meter of the inſtrument were 3 feet and an half. 
I have propoſed theſe inſtruments almoſt all of wood 
n ü the laſt, only for Bahre and cheapneſs; b 
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you may make them all hd at ee 
the weight nor the price will be very great, conſidering 
their exactneſs, which is the proper value of an inſtru- 
The conſtruRtion of the common quadrant differs ſo 
letle from that of the graphometer, that it: ſhould need 
but Intle ne The u next . . it 
more. 

The hace as bin only the lab, a 14058 fixed 

o each end of it, and one radius fixed to the middle of 
he chord and limb, and ſerving for one croſs bar; it may 
ave other two bars fixed the ſame way, each - of the 
1 from its middle. The plate for the abet &c. 
r ej blade the chord and radius, or middle bar, 
n four places, at an equal diſtance from the middle 
the chord. The index may be made the ſame way 
in the laſt mentioned, if it is to have a ſliding degree: 
* thilifc it may have one like that of other quadrants, if it 
e in to be graduated by any of the other two methods. 
cideÞhe radius may be conſiderably broader on each ſide 
> t f the chord, and no more bars will be needful, un- 
ls the inſtrument be very large. 

* IV. Let à bow quadrant be made, with a 145 
r foot, divided into half minutes, by a {liding de- 
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| ame thickneſs, viz. 3 of an inch; let the breadth of 


tral end of the radius be rounded, with 2 inches dia- 
meter, or 1 every way from the centre, and let its breadth 
on each ſide of the chord be alſo 2 Inches, or 3 inches 


for the ES may be drawn only 7; 2 from th 
| 47 28 inches long from the centre; which is in 


ches, and made like the laſt, only with the central en 
to coincide with that of the radius. 


ner, and divide each of theſe half degrees, by diagan: 
into 60 equal parts, as before, or you may produſ 
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* as it may be finiſhed up to the following dimen. 


ions. See Plate IX. 


Make the radius, hank; | hams nd limb, al of "4 


them all be alſo the ſame, viz, 1 inch; only let the cen- 


and no more bars. 
Draw the ſame Ab as on the limb of he laſt: gra 


| phometer, but the ſecond arch , from the firſt, 


Draw the primary diviſions for every half degree; oF 
number the degrees by two's, as before: the ning line 


firſt arch. 
Make a groove in __ end the fie as che ha 


ſame proportion to the radius, as the laſt, viz. as 3 to 
Let the length of the index from the centre be 29 


' Produce two dividing lines containing one degrel 
and alſo the line for that half degree after the ſame mat 
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As the proper uſe of this inſtrument is to meaſure 
an angle of elevation, it will be beſt to mount it in a 


8 perpendicular plain, with the radius to 002 o-, parallel 


to the horizon; and to find the meaſure of the angle, 
by moving the groove and index. | 

It may be eaſily obſerved, that the how quadrant, 
with a ſliding degree, may be made more exact, far 
lighter, and incomparably cheaper, than the beſt aſtro- 
nomical quadrant yet known. But as this is out of a 


Land- meaſurer's way, I ſhall ſay no more of it, but con- 


clude this Appendix. 
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Page 28. line penult. read 10000, P; at I. ult. andP. 147. I. 1. read a 


P. 5 l. penult. read To Sine of 22.0 (and correct the work accordingly). 
P. 212. I. ult. read 26659 (and correct ac- 


| P. 73 1. penult. for 200. read 220. cordingly). 
P. 91. I. 4 for: but, read. But &c. (in a P. 258. 1. 12. dele= before De. 


ſeparate ſentence). P. 256. put C at the centre of the bexagon. 
P. 112. J. 18. Ter 3,96 read 3,94. | P, a 5. read 27900. 
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"ly the half degree, and divide 1 In this caſe the 
groove may be narrower. 
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